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(57) An average signal point amplitude detection 
section 15A determines an average position of I and Q 
components when a received QPSK modulated signal 
is demodulated and a threshold calculation section 15B 
determines threshold ths on an IQ plane based on the 
average signal point position of the received QPSK 



modulated signal and a theoretical distribution position 
on the IQ plane of signal points of a 1 6-value QAM sig- 
nal. Then, a threshold decision section 14A makes a 
threshold-decision on the I and Q components of se- 
quentially received QPSK modulated signals using this 
threshold ths and thereby calculates a simulated bit er- 
ror rate of the 1 6-value QAM signal. 
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Description 

Technical Field 

5 [0001] The present invention relates to a communication quality estimation method, communication quality estima- 
tion apparatus and communication system, and is preferably used in a radio communication system using, for example, 
an adaptive modulation system. 

Background Art 

10 

[0002] Conventionally, a radio communication system performs various kinds of system control to carry out commu- 
nications with high quality and high efficiency. These kinds of control include, for example, transmit power control, 
communication channel control, ceil changeover control, etc., which improves communication quality and promotes 
power saving as well. 

15 [0003] Furthermore, a study on an adaptive communication system, which adaptively switches between modulation 
systems or between coding systems according to the communication quality of a radio communication link is also 
underway in recent years. For example, "Mobile Communication" (written and edited by Shuichi Sasaoka, Ohmsha, 
Ltd. P.103 to 126) discloses a communication system using adaptive modulation, which is an example of an adaptive 
communication system. Communication quality on a communication link is often measured and used as information 

20 for making a decision on changeover between modulation systems or coding systems. 

[0004] As indices of communication quality, a Bit Error Rate (BER), reception power and Carrier to Noise Ratio 
(CNR), etc., are often used. There is a method of estimating a bit error rate out of these indices and using it as an 
index of communication quality, whereby a known data string such as pseudonoise sequence is inserted in a trans- 
mission data string, this known data string is compared with a received data string and different data pieces are counted 

25 to thereby calculate the bit error rate. 

[0005] There is another method whereby a transmission data string is subjected to error correcting coding, subjected 
to forward error correction at the time of reception and then recoded, this recoded data string is compared with the 
received signal string and different data pieces are counted to calculate the bit error rate. Furthermore, as disclosed, 
for example, in the Unexamined Japanese Patent Publication No.HEl 8-1 02727, a method of calculating a signal vector 

30 dispersion value and calculating a bit error rate from this dispersion value is also known. 

[0006] With reference to FIG. 1, a configuration of a bit error rate calculation apparatus 1 will be explained as an 
example of a conventional apparatus for measuring communication quality below. In a communication system in which 
this conventional bit error rate calculation apparatus 1 is used, suppose data is transmitted with a predetermined data 
string inserted in a predetermined section of a transmission burst. For example, suppose a specific string of a pseu- 

35 donoise sequence is inserted in the center of the burst. An orthogonal demodulation section 2 carries out orthogonal 
demodulation and synchronization processing on a received signal and outputs an orthogonal IQ vector string for each 
received symbol. 

[0007] A bit decision section 3 carries out a bit decision using the orthogonal IQ vector string input and outputs the 
resulting received data. A known data section extraction section 4 extracts data corresponding to the section of the 
40 known data string inserted in the above-described burst from the received data string input and outputs the extracted 
data. 

[0008] A bit error rate calculation section 6 compares the data string extracted by the known data section extraction 
section 4 with the data string stored in a known data storage section 5. When the received data contains some errors, 
the comparison results at the error locations show differences. Thus, by counting the number of bits with different 
*5 comparison results for a predetermined period of time and calculating its ratio to the total number of bits compared, it 
is possible to calculate the bit error rate of the received signal statistically. 

[0009] However, in a situation in which the bit error rate is low, calculating a statistically reliable bit error rate requires 
a sufficient total number of bits compared. As a result, it takes a long time to calculate the bit error rate. 
[0010] For example, suppose a system that adaptively switches between two modulation systems of a GPSKmod- 
50 ulation system and 1 6-value QAM modulation system according to the communication quality of a communication link 
as an example of the aforementioned adaptive communication system. Since the QPSK and 1 6-value QAM have 
different distances between signal points during modulation, these modulation systems differ in reception performance 
as shown in FIG. 2 and when data is received with the same reception power, it is generally known that QPSK has a 
lower bit error rate. 

55 [0011] As information for making a decision in changeover between these two modulation systems, assume that 
modulation changeover between modulation systems is controlled using the result of bit error rate calculation using 
the bit error rate calculation apparatus 1 shown in FIG.1 in such a way that the bit error rate does not exceed 1 .OE-3. 
First, when the modulation system is changed from 1 6-value QAM to QPSK, it is possible to perform control in such a 
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way that while monitoring a BER estimation result during 16-vaiue QAM reception, the modulation system is changed 
to QPSK when this bit error rate exceeds an allowable value (e.g., 5.0E-4). 

[0012] When the modulation system is changed from QPSK to 1 6-value QAM, it is likewise necessary to decide the 
changeover during a QPSK communication. For example, when Carrier to Noise Ratio (CNR) exceeds 17dB during 
5 QPSK reception, the bit error rate of 16-vaiue QAM also falls below 1.0E-3 as shown in FIG.2, and therefore the 
changeover to 1 6-value QAM is decided. 

[0013] FIG.3 is an example of a distribution characteristic of an orthogonal IQ vector string for each received symbol 
obtained when QPSK reception demodulation is performed at a Carrier to Noise Ratio of 17dB. Though signal points 
are dispersed due to influences of noise, there is almost no dispersion beyond the I and Q axes, and therefore bit 
10 errors with QPSK occur only with a frequency equal to or lower than 1 .OE-6. It takes an enormous number of reception 
bit samples and time for QPSK to check a bit error rate as small as 1 .OE-6, and checking such a bit rate is unrealistic. 
[0014] Thus, when the modulation system is changed from a modulation system such as QPSK with a relatively low 
bit error rate to a modulation system such as 1 6-value QAM with a relatively high bit error rate, there is a difficult 
problem in performing speedy changeover without increasing transmission errors involved in the changeover. 

15 

Disclosure of Invention 

[0015] It is an object of the present invention to provide a communication quality estimation method and communi- 
cation quality estimation apparatus capable of speedily and accurately determining communication quality based on 

20 a transmission signal according to a modulation system with a low bit error rate when a signal according to a modulation 
system with a high bit error rate is transmitted. Furthermore, it is another object of the present invention to provide a 
communication system capable of providing appropriate changeover between modulation systems in a system that 
changes its modulation system from a modulation system with a low bit error rate to a modulation system with a high 
bit error rate according to communication quality. 

25 [0016] These objects are achieved by. based on the signal point positions of a digital-modulated signal received at 
a low bit error rate, estimating in simulation the bit error rate or bit errors of a digital-modulated signal transmitted with 
a high bit error rate through the same transmission path. 

Brief Description of Drawings 

30 

[0017] 

FIG.1 is a block diagram showing a configuration of a conventional bit error rate calculation apparatus; 
FIG.2 illustrates characteristic curves showing bit error rates of 1 6-value QAM and 64-value QAM; 
35 FIG.3 illustrates a distribution state of a QPSK modulated signal on an IQ plane; 

FIG.4 is a block diagram showing a configuration of a bit error rate calculation apparatus according to Embodiment 
1 of the present invention; 

FIG. 5 illustrates a distribution of an orthogonal IQ vector when a QPSK signal is received: 

FIG. 6 illustrates a signal point configuration of a QPSK signal and 1 6-value QAM signal with the same power; 

40 FIG. 7 illustrates an example of setting thresholds for the QPSK signal according to Embodiment 1 ; 

FIG.8 is a flow chart to illustrate an operation of the bit error rate calculation apparatus according to Embodiment 1 ; 
FIG.9 illustrates characteristic curves of simulated bit error rates of the 1 6-value QAM and 64-value QAM obtained 
in Embodiments 1 and 2 and a bit error rate actually obtained through reception by synchronization detection; 
FIG.1 0 is a block diagram showing a configuration of a bit error rate calculation apparatus according to Embodiment 

45 2; 

FIG. 11 illustrates a signal point configuration of a QPSK signal and 1 6-value QAM signal with the same power; 

FIG. 12 illustrates an example of setting thresholds for the QPSK signal according to Embodiment 2; 

FIG.1 3 is a biock diagram showing a configuration of a communication system according to Embodiment 3; 

FIG.1 4 is a block diagram showing a configuration of a communication system according to Embodiment 4: 
so FIG.1 5 is a block diagram showing a configuration of a communication system according to Embodiment 5: 

FIG.1 6 is a block diagram showing a configuration of a simulated error detector according to Embodiment 5; 

FIG.1 7 is a block diagram showing a configuration of a communication system according to Embodiment 6; 

FIG.1 8 is a biock diagram showing a configuration of a simulated error detector according to Embodiment 6; 

FIG.1 9 is a block diagram showing a configuration of a simulated error detector according to another embodiment; 
55 FIG. 20 illustrates an example of a signal point configuration of a 1 6-value QAM modulation system and 64-value 

QAM modulation system; 

FIG.21 illustrates thresholds for detecting simulated errors of a 64-value QAM signal from a 1 6-value QAM signal; 
FIG.22 illustrates threshold settings according to another embodiment; and 
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FIG.23 illustrates threshold settings according to a further embodiment. 

Best Mode for Carrying out the Invention 

5 [0018] With reference now to the attached drawings, embodiments of the present invention will be explained in detail 
below. 

(Embodiment 1) 

10 [0019] In FIG. 4, reference numeral 10 as a whole denotes a bit error rate calculation apparatus according to Em- 
bodiment 1 and inputs a QPSK modulated signal D1 to an orthogonal demodulation section 11. The orthogonal de- 
modulation section 1 1 applies orthogonal demodulation processing, symbol synchronization processing and correction 
processing for frequency, amplitude or distortion, etc. , as required to the QPSKmodulated signal D1 and thereby 
outputs each symbol as an orthogonal IQ vector (a vector having an I and Q components on the IQ plane) signal D2. 

*5 A bit decision section 12 detects the position of each received symbol on the IQ plane and thereby carries out a bit 
decision on the orthogonal IQ vector signal D2 of each received symbol and outputs the decided bit data string D3. 
[0020] On the other hand, the bit error rate calculation apparatus 1 G sends the orthogonal IQ vector signal D2 to a 
bit error rate estimation section 13. The bit error rate estimation section 13 estimates, in simulation, the bit error rate 
assuming a 16-value QAM signal is received from the orthogonal IQ vector string of the received QPSK modulated 

20 signal D1 . The bit error rate estimation section 13 sends the orthogonal IQ vector signal D2 to a threshold decision 
section 14A of a threshold decision error count section 1 4 and at the same time sends the orthogonal IQ vector signal 
D2 to an average signal point amplitude detection section 15A of a threshold calculation section 15. 
[0021] The threshold decision error count section 1 4 performs an error decision on the amplitude bits of the 1 6-value 
QAM signal, in simulation , by deciding amplitude values of the orthogonal IQ vector components of the QPSK modulated 

25 signal based on a threshold and outputs a threshold decision error count Na and a total threshold decision count N 
within a predetermined time. The threshold calculation section 1 5 calculates a threshold ths to be used for a threshold 
decision from the orthogonal IQ vector string. 

[0022] The threshold calculation section 15 inputs the orthogonal IQ vector signal D2 to an average signal point 
amplitude detection section 15A and then calculates a threshold according to the average signal point amplitude 
30 through a threshold calculation section 15B that follows. The average signal point amplitude detection section 15A 
detects an average amplitude on the IQ plane of sequentially input IQ vectors. By the way, it is assumed here that the 
"average amplitude" does not mean the length of an IQ vector on the IQ plane but means a distance from the l-axis 
and a distance from the Q-axis, 

[0023] More specifically, when the vector string of the orthogonal IQ vector signal D2 is plotted on the IQ plane, it 
35 appears as shown in FIG. 5. FIG.5 shows an example of the orthogonal IQ vector string obtained when the QPSK 
modulated signal is received and demodulated at a carrier to noise ratio of 17dB. The average signal point amplitude 
detection section 15A detects an average distance a of the IQ vector from the Q-axis (the same applies to an average 
distance from the l-axis). 

[0024] The threshold calculation section 15B calculates a simulated threshold for the 16-value QAM signal based 

40 on a theoretical distribution state of signal points of the 1 6-value QAM signal on the IQ plane when the 1 6-value QAM 
signal is received with the same power as the reception power of the current QPSK modulated signal and the average 
signal point amplitude a detected by the average signai point amplitude detection section 15A. 
[0025] More specifically, tour average signal point vectors of the QPSK modulated signal can be expressed as (±a, 
±a). When the 1 6-value QAM signal with the same power as that of this QPSK modulated signal is received, the I and 

45 Q components of the signal amplitude of the 1 6-value QAM signal take four values ±aW5, ±3aAf5 as shown in FIG. 6. 
A gray-coded 16-value QAM generally decides 2 of the 4 bits that indicate one symbol by deciding as positive or 
negative the signs of the I and Q components of an orthogonal IQ vector for each symbol of the received signal and 
decides the remaining 2 bits by deciding which amplitude is bigger or smaller. Of these values, the thresholds corre- 
sponding to the amplitude decision are I = ±2a/\'5, Q = ±2aA/5 as expressed by dotted lines in FIG. 6 and set at a 

50 distance of a/^5 from the respective signal points of the 16-value QAM signal for both the l-axis and Q-axis. 

[0026] Considering this, the threshold calculation section 15B sets thresholds at a distance of a/\fe from the four 
average signal point vectors (±a, ±a) of the QPSKmodulated signal. That is, as shown in FIG. 7, the threshold calculation 
section 15B calculates thresholds ths_i=± (1-1/V5) a, ths_q=± (1-1/\'5) a of the I and Q components. These thresholds 
are sent to the threshold decision section 1 4A of the threshold decision error count section 14. 

55 [0027] The threshold decision section 1 4A receives the orthogonal IQ vector signal D2 and threshold ths and carries 
out threshold decision processing on the sequentially input orthogonal IQ vectors based on the threshold ths. In practice, 
when the I and Q components of the orthogonal IQ vector of the received symbol fall below the thresholds thsj and 
ths_q, that is, when the I and Q components of the orthogonal IQ vector exist within the shaded area of FIG. 6, the 
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threshold decision section 14A decides in simulation that amplitude decision bit errors occur in the 16-value QAM 
signal. The counter 14B counts the error decision count Na and the total decision count N. 

[0028] That is, the threshold decision section 14A increments the error decision count Na of the counter 14B for 
vectors rx=(rL rq) of sequentially input received symbols when the following expression (1) is satisfied and further 
increments Na when the following expression (2) is satisfied. This processing is carried out over a predetermined period. 

-ths i < ri < ths_i ... (1) 



-ths_q < rq < ths_q (2) 



[0029] The simulated BER calculation section 16 calculates an amplitude decision bit error rate Pa in simulation, 
assuming that the 16-value QAM signal is received using the error decision count Na and total decision count N as 
15 shown in the following expression (3) : 

Pa = Na/N (3) 

20 [0030] The correction section 17 calculates a practical bit error rate Pe by carrying out statistics-based correction 
processing on the amplitude decision bit error rate Pa calculated at the simulated BER calculation section 16. That is, 
the relationship between the amplitude decision bit error rate Pa for the 16-value QAM, bit error rate Ps of the code 
decision bit and overall bit error rate Pe is known to be expressed statistically by the following expression (4) and 
expression (5). (For example. "Modulation/Demodulation of Digital Radio Communication" (by Yoichi Saito). 



Ps = (1/2) x Pa (4) 



30 Pe - (Pa + Ps)/2 

= (3/4) x Pa •■■ (5) 

Thus, using the expressions (3) and (5), the simulated bit error rate Pe is calculated, assuming the 16-value QAM 
35 signal is received, as shown in the following expression (6), and output from the correction section 17. 

Pe - (3/4) x Na x Na/N (6) 

40 [0031] In the above-described configuration, from a QPSK modulated signal that is received, the bit error rate cal- 
culation apparatus 1 0 calculates, in simulation, the bit error rate Pe of a 1 6-value QAM signal, according to the operation 
as shown in FIG. 8. 

[0032] When the bit error rate calculation apparatus 10 starts bit error rate calculation processing in step ST0, it 
determines the I and Q components of the QPSK modulated signal D1 by orthogonal-demodulating the received QPSK 

45 modulated signal D1 in step ST1 . 

[0033] In the next step ST2, the bit error rate calculation apparatus 1 0 determines an average signal point amplitude 
a of a plurality of symbols of the QPSK modulated signal and in step ST3, it calculates thresholds ths_i and ths_q for 
the 1 6-value QAM signal on the IQ plane based on the average signal point amplitude a and the theoretical distribution 
state (FIG. 6) when the 16-value QAM signal is received with the same power. 

50 [0034] Then, the bit error rate calculation apparatus 10 carries out threshold decision processing on the I and Q 
components of sequentially received symbols of a QPSK modulated signal in step ST4 and step ST6. That is, in step 
ST4, it is decided whether the I component ri of the QPSK demodulated signal is greater than -thsj and smaller than 
thsj or not and when a positive result is obtained, the bit error rate calculation apparatus 10 moves on to step ST5, 
increments the error decision count Na of the counter 14B and when a negative result is obtained, it moves on to step 

55 ST6. 

[0035] In step ST6, it is decided whether the Q component rq of the QPSK demodulated signal is greater than -ths_q 
and smaller than ths__q or not and when a positive result is obtained, the bit error rate calculation apparatus 1 0 moves 
on to step ST7, increments the error decision count Na of the counter 14B and when a negative result is obtained, it 
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moves on to step ST8. Thus, when both the I and Q components of the QPSK demodulated signal are included in the 
shaded area shown in FIG.7, the bit error rate calculation apparatus 10 increments the error decision count Na twice. 
In this way, for a received symbol having quite a high bit error rate, the bit error rate calculation apparatus 10 reflects 
the high bit error rate in the error decision count Na. 

5 [0036] In step ST8, the bit error rate calculation apparatus 1 0 increments the total decision count N of the counter 
14B and moves on to step ST9. In step ST9, a decision time t from step ST4 to step ST8 is calculated and when the 
decision time t falls short of a predetermined set time T, the process goes back to step ST4 and repeats the processes 
in step ST4 to step ST8. Then, when the decision time t reaches and exceeds the set time T a positive result is obtained 
in step ST9 and the process goes to step ST1 0. 

10 [0037] In step ST10 : the bit error rate calculation apparatus 10 calculates an amplitude decision bit error rate Pa 
when the 16-value QAM signal is received using the error decision count Na and total decision count N calculated by 
the processes so far. Then, in step ST11. the bit error rate calculation apparatus 10 multiplies the amplitude decision 
bit error rate Pa by a statistics-based correction value to calculate a simulated bit error rate Pe, assuming the 1 6-value 
QAM signal is received and then finishes the bit error rate calculation processing operation in step ST12. 

15 [0038] Thus, the bit error rate calculation apparatus 1 0 can calculate a bit error rate speedily and accurately when 
a 16-value QAM signal is received based on the received QPSK modulated signal. 

[0039] That is, according to the conventional art, the transmitting side decides the timing for changeover from a 
QPSK modulation to 16-value QAM modulation based on bit error rate detection of the QPSK demodulated signal on 
the receiving side in such a way that a bit error rate is detected by detecting whether the I and Q components of the 

20 QPSK demodulated signal have transferred to the neighboring quadrant beyond the l-axis and Q-axis or not and when 
the bit error rate falls below a predetermined value, transmission by QPSK modulation is changed to transmission by 
16-value QAM modulation. However, since the QPSK modulation system is a modulation system with a low bit error 
rate, the I and Q components hardly transfer to the neighboring quadrant beyond the l-axis and Q-axis in a situation 
in which communication quality is relatively high. As a result, there is a disadvantage that it takes a long time to decide 

25 whether the bit error rate has reached a value suitable for transmission with 1 6-value QAM or not. 

[0040] On the other hand, instead of calculating the bit error rate based on whether the I and Q components of the 
QPSK demodulated signal have transferred beyond the l-axis and Q-axis or not, the bit error rate calculation apparatus 
10 determines new thresholds ths_i and ths_q considering the distribution position of the 16-value QAM signal on the 
IQ plane and the amplitude when a bit error occurs and decides the I and Q components of the sequentially received 

30 QPSK modulated signals based on these thresholds Ihsj and ths_q and calculates a simulated bit error rate of the 
16-value QAM signal, and can thereby speedily and accurately determine whether the bit error rate has reached the 
value suitable for transmission with 16-value QAM or not. 

[0041] Thus, when the calculation results of a simulated bit error rate Pe of the 16-value QAM signal from the de- 
modulated I and Q components ol the QpSKmodulated signal are plotted, their characteristic is as shown by marks O 

35 in FIG. 9 and it is possibie to confirm that this characteristic substantially matches a reception bit error rate characteristic 
(dotted line) when a 16-value QAM signal is actually received in the same reception power environment. 
[0042] Thus, according to the above-described configuration, thresholds ths_i and ths_q on the IQ plane are deter- 
mined based on average positions of the I and Q components when the received QPSK modulated signal is demod- 
ulated and a theoretical distribution position of the 16-value QAM signal on the IQ plane, and a threshold decision is 

40 made on the I and Q components of the sequentially received QPSK modulated signals using these thresholds thsj 
and ths_q to thereby calculate a simulated bit error rate of a 16-value QAM signal, and in this way it is possible to 
determine the bit error rate speedily and accurately when a 1 6-value QAM signal instead of a QPSK modulated signal 
is transmitted through the same transmission path. 

[0043] As a result, when the transmitting side changes the modulation system from a QPSK modulation system to 
45 a 1 6-value QAM modulation system, it is possible to perform the changeover speedily and accurately without increasing 
transmission errors involved in the changeover. 



(Embodiment 2) 

so [0044] This embodiment will explain a method whereby : when a QPSK modulated signal is received, the bit error of 
a64-valueQAM signal with the same reception power is calculated in simulation. FIG.1 0 in which the same components 
as those in FIG. 4 are shown with the same reference numerals assigned shows a configuration of a bit error rate 
calculation apparatus 20 according to Embodiment 2. 

[0045] A bit error rate estimation section 23 of the bit error rate calculation apparatus 20 is designed to estimate a 
55 bit error rate of a 64-value QAM signal in simulation, assuming a 64-value QAM signal is received from an orthogonal 
IQ vector string of the received QPSK modulated signal D1 . In this case : an average signal point detection section 25A 
of a threshold calculation'section 25 detects an average amplitude of sequentially input IQ vectors on the IQ plane. 
The threshold calculation section 25B calculates a simulated threshold ths for the 64-value QAM signal based on a 
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theoretical distribution state of the 64-value QAM signal on the IQ plane when the 64-value QAM signal is received 
with the same power as the reception power of the current QPSK modulated signal and an average signal point am- 
plitude a detected at the average signal point amplitude detection section 25A. 

[0046] The threshold decision error count section 24 performs an error decision on the amplitude bits of the 64-value 
5 QAM signal in simulation, by deciding amplitude values of the orthogonal IQ vector components of the sequentially 
input QPSK modulated signals based on the threshold ths. and outputs a threshold decision error count Na and a total 
threshold decision count N within a predetermined time. 

[0047] The simulated BER calculation section 26 calculates an amplitude decision bit error rate Pa when the 64-value 
QAM signal is received using the error decision count Na and total decision count N. The correction section 27 calculates 
10 a practical bit error rate Pe by carrying out statistics-based correction processing on the amplitude decision bit error 
rate Pa calculated at the simulated BER calculation section 26. 

[0048] The processing of the bit error rate estimation section 23 will be explained more specifically. Here, as in the 
case of Embodiment 1 , suppose four average signal point vectors of a QPSK modulated signal are expressed as (±a, 
±a) and a 64-value QAM signal with the same power as that of this QPSK signal is received. In this case ; the I and Q 
'5 components of the signal amplitude of the 64-value QAM signal take eight values ±a/ \f 21 , ±3a/\'21 , ±5a/\'21 , and 
±7a/V21 as shown in FIG. 11 . Therefore, thresholds to identify the respective signal points are set at a distance of a/ 
V21 from the respective signal points as expressed by dotted lines in FIG. 11 . 

[0049] A gray-coded 64-value QAM generally places 64 signal points according to the content of 6-bit data repre- 
senting 1 symbol, but the average distance between a plurality of signal points corresponding to the respective 6 bits 
20 is classified into three categories and bit error rates of the respective bits can also be classified into three categories 
accordingly. Suppose these three bit error rates are represented as Pel , Pe2 and Pe3. Then, the relationship among 
these three can be expressed in the following expression (7): 



25 Pel: Pe2: Pe3= 1:2:4 (7) 

[0050] Of these three, Pe3 which has the largest error rate has a relationship with the amplitude decision error rate 
Pa that enters the neighboring signal point area beyond the threshold at the respective signal points of the 64-value 
QAM expressed by the following expression (8): 

30 

Pe3 = (1/2)Pa (8) 

[0051] Then, the threshold calculation section 25B sets thresholds at a distance of aA'21 from the signal points (±a, 
35 ±a) toward the l-axis and Q-axis. respectively. Then, when the I and Q components of the received symbols of the 
sequentially received QPSK modulated signals exceed this threshold, that is, the I and Q components of the received 
symbols enter the shaded area in FIG. 12, the threshold decision section 24A decides as in simulation that an amplitude 
decision error has occurred. Then, the counter 24B counts this amplitude decision error count Na and total decision 
count N. 

40 [0052] The simulated BER calculation section 26 calculates the amplitude decision error rate Pa from the amplitude 
decision error count Na and total decision count N as expressed in the following expression (9): 

Pa = Na/N (9) 

45 

[0053] Then : the correction section 1 7 calculates the overall reception bit error rate Pe of a 64-value QAM based on 
Expressions (7), (8) and (9) as shown in the following Expression (10): 

50 Pe = (Pel + Pe2 + Pe3)/3 

= ((l/4)Pe3 + (l/2)Pe3 + Pe3)/3 

= (7/12)Pe3 

55 

= (7/24) Pa ... (10) 
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[0054] Thus, when the calculation results of the simulated bit error rate Pe of the 64-value QAM signal from the 
demodulated I and Q components of the QPSK modulated signal are plotted, they show a characteristic represented 
by marks A in FIG. 9 and it is possible to confirm that this characteristic substantially matches the reception bit error 
rate characteristic (single-dot dashed line) when a 64-value QAM signal is actually received in the same reception 
5 power environment. 

[0055] Thus ; according to the above-described configuration, a simulated bit error rate of a 64-value QAM signal is 
determined by calculating thresholds on the IQ plane based on the average positions of the I and Q components when 
the received QPSK modulated signal is demodulated and the theoretical distribution position of the 64-value QAM 
signal on the IQ plane and deciding the I and Q components of the sequentially received QPSK modulated signals 
10 using these thresholds ! and therefore it is possible to determine the bit error rate speedily and accurately when a 
64-value QAM signal instead of a QPSK modulated signal is transmitted through the same transmission path. 
[0056] As a result, when the transmitting side changes the modulation system from a QPSK modulation system to 
a 64-value QAM modulation system, it is possible to perform speedy changeover without increasing transmission errors 
involved in the changeover. 

15 

(Embodiment 3) 

[0057] FIG. 13 shows a configuration of a communication system 100 according to Embodiment s in which a trans- 
mission/reception station A 200 and transmission/reception station B 300 carry out bi-directional radio communications 

20 through the same frequency channel based on a Time Division Duplex (TDD) system. In this embodiment, suppose 
the transmission/reception station A 200 represents a radio base station and the transmission/reception station B 300 
represents a mobile terminal. Therefore, a communication link from the transmission/reception station A 200 to the 
transmission/reception station B 300 is a downlink and the opposite communication link is an uplink. 
[0058] The communication system 100 adaptively changes its modulation system according to the quality of the 

25 communication link for the downlink and carries out a communication based on a fixed modulation system irrespective 
of the communication quality for the uplink. Thus, the communication system 100 can increase the communication 
transmission capacity of the downlink. 

[0059] The transmission/reception station A 200 includes the bit error rate calculation apparatus 10 described in 
Embodiment 1. When a QPSK modulated signal is received at a reception section 201, the transmission/reception 
30 station A 200 applies down-conversion processing and signal level adjustment processing, etc., to this signal and then 
sends the signal to the bit error rate calculation apparatus 10. 

[0060] As shown above, the bit error rate calculation apparatus 10 estimates a simulated bit error rate of a 16-value 
QAM signal from the received QPSK modulated signal D1 and sends the estimated bit error rate Pe to an adaptive 
modulation control section 202 . The adaptive modulation control section 202 forms a changeover control signal S1 
35 for changing the modulation system to be used for downlink transmission based on the estimated bit error rate Pe and 
sends this to an adaptive modulation transmission section 203. 

[0061] When the estimated bit error rate Pe is smaller than a predetermined value, the adaptive modulation control 
section 202 outputs a changeover control signal S1 for instructing a changeover of the modulation system to the 1 6-val- 
ue QAM modulation system, and when the estimated bit error rate Pe is greater than the predetermined value, the 
40 adaptive modulation control section 202 outputs a changeover control signal S1 for instructing a changeover of the 
modulation system to the QPSK modulation system. 

[0062] The adaptive modulation transmission section 203 is constructed in such a way as to be able to selectively 
perform either QPSK modulation processing or 16-value QAM modulation processing and changes the modulation 
system adaptively according to the changeover control signal S1 . This embodiment is designed to perform modulation 

45 and transmission by switching between QPSK and 1 6-value QAM in burst units. 

[0063] An adaptive demodulation reception section 301 of the transmission/reception station B 300 adaptively re- 
ceives and demodulates a Q PSK modulated signal or 1 6-value QAM signal sent from the transmission/reception station 
A 200. For this reason, the adaptive demodulation reception section 301 needs to identify whether the received signal 
is a QPSK modulated signal or 16-value QAM signal. Thus ; according to this embodiment, the adaptive modulation 

50 transmission section 203 inserts a symbol to identify the modulation system in a transmission burst beforehand and 
the adaptive demodulation reception section 301 changes the demodulation system based on this symbol. 
[0064] Amoduiation transmission section 302 forms an uplink transmission signal based on the QPSK modulation 
system. By the way, in the case of this embodiment both the downlink and uplink transmit signals with the same 
transmit power. 

55 [0065] In the above-described configuration, the communication system 100 adaptively switches between QPSK 
modulation and 1 6-value QAM modulation according to communication quality, in this case, the communication system 
1 00 grasps the communication quality of the downlink based on the communication quality of the uplink and changes 
the modulation system according to the situation. 
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[0066] That is, since the communication system 100 uses the same frequency channel for the downlink and the 
uplink based on the TDD system, It is possible to consider the commutation quality of the uplink substantially equal to 
that of the downlink. Thus, the transmission/reception station A 200 of the communication system 1 00 measures the 
reception quality of the uplink signal and estimates this as equivalent to the communication quality of the downlink. 
5 [0067] Furthermore, the communication system 1 00 calculates a simulated bit error rate Pe of a 1 6-value QAM signal 
at the bit error rate calculation apparatus 1 0 from the received QPSK modulated signal in measuring the communication 
quality of the uplink. 

[0068] This makes it possible to calculate a bit error rate speedily and accurately when a 1 6-value QAM signal instead 
of a QPSK modulated signal is transmitted through the same transmission path. As a result, when the communication 
10 system 100 switches between the QPSK modulation system and 1 6-value QAM modulation system, it is possible to 
realize speedy changeover without increasing transmission errors involved in the changeover and increase the com- 
munication capacity while keeping the communication quality high. 

[0069] Thus, the above-described configuration provides the bit error rate calculation apparatus 10, calculates a 
simulated bit error rate Pe of the 1 6-value QAM signal from the QPSK modulated signal received by the bit error rate 
15 calculation apparatus 10 and adaptively changes the modulation system according to the bit error rate Pe, and can 
thereby realize the communication system 100 with improved communication quality and increased communication 
capacity. 

[0070] Furthermore, the communication system 1 00 based on a Time Division Duplex (TDD) system performs mod- 
ulation system changeover processing based on the simulated bit error rate Pe : and can thereby calculate the simulated 
20 bit error rate Pe in a reception environment having the same communication quality as that of the transmission envi- 
ronment, perform modulation system changeover processing more suitable for the transmission path environment and 
further improve the communication quality. 

(Embodiment 4) 

25 

[0071] FIG.14 shows a configuration of a communication system 400 according to Embodiment 4 in which a trans- 
mission/reception station A 500 and transmission/reception station B 600 carry out bi-directional radio communications 
through different frequency channels based on a Frequency Division Duplex (FDD) system. In this embodiment, sup- 
pose the transmission/reception station A 500 represents a radio base station and the transmission/reception station 

30 B 600 represents a mobile terminal. Therefore, a communication link from the transmission/reception station A 500 to 
the transmission/reception station B 600 is a downlink and the opposite communication link is an uplink. 
[0072] For the downlink, the communication system 400 adaptively changes its modulation system according to the 
quality of the communication link, and for the uplink : it carries a communication based on a fixed modulation system 
irrespective of the communication quality. Thus, the communication system 400 can increase the communication trans- 

35 mission capacity of the downlink. 

[0073] The transmission/reception station B 600 includes the bit error rate calculation apparatus 10 described in 
Embodiment 1 . An adaptive demoduiation reception section 601 of the transmission/reception station B 600 demod- 
ulates the received QPSK modulated signal or 1 6-value QAM signal. In this case, the adaptive demodulation reception 
section 601 changes the demodulation system based on a symbol to identify the modulation system inserted before- 

40 hand in a transmission burst by an adaptive modulation transmission section 503. 

[0074] When the received signal is a 1 6-value QAM signal the adaptive demodulation reception section 601 sends 
the demodulated signal to the 1 6-valuc QAM bit error rate estimation section 603 of the bit error rate estimation section 
602. On the other hand, when the received signal is a QPSK modulated signal, the adaptive demodulation reception 
section 601 sends the demodulated signal to the bit error rate calculation apparatus 10. 

45 [0075] The 1 6-value QAM bit error rate estimation section 603 re-codes the received signal which has been subjected 
to errorcorrecting coding processing and decoded once by the adaptive demodulation reception section 601 . compares 
this re-coded data with a received coding string to estimate a bit error rate Re. Then, the 1 6-value QAM bit error rate 
estimation section 603 sends this to a modulation transmission section 604 as a bit error rate report vaiue Re. 
[0076] The bit error rate calculation apparatus 1 0 estimates a simulated bit error rate Pe of the 1 6-vatue QAM signal 

so from the QPSK modulated signal received as shown above. Then, the bit error rate calculation apparatus 10 sends 
this to the modulation transmission section 604 as a simulated bit error rate report value Pe. 
[0077] The modulation transmission section 604 modulates the uplink signal according to, for example, QPSK mod- 
ulation and sends the uplink signal with bit error rate report values Re and Pe inserted therein. The bit error rate report 
values Re and Pe may also be inserted in specific locations in a transmission burst, for example, or may also be 

55 incorporated when the transmission data is constructed in an upper layer. 

[0078] A reception/demodulation section 501 of the transmission/reception station A 500 receives/demodulates the 
uplink signal from the transmission/reception station B 600 to obtain received data. In this case, the reception/demod- 
ulation section 501 extracts the bit error rate report values Re and Pe inside the received data and sends it to the 
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adaptive modulation control section 502. 

[0079] The adaptive modulation control section 502 outputs a changeover control signal S2 for changing the mod- 
ulation system to be used for downlink transmission based on the bit error rate report values Re and Pe. In practice, 
when the bit error rate report values Rc and Pe are smaller than a predetermined value, the adaptive modulation control 

5 section 502 outputs the changeover control signal S2 for selecting/instructing a 1 6-value QAM modulation system. On 
the other hand, when the bit error rate report values Re and Pe are greater than a predetermined value, the adaptive 
modulation control section 502 outputs the changeover control signal S2 for selecting/instructing a QPSK modulation 
system. The adaptive modulation/transmission section 503 changes the modulation system based on this changeover 
control signal S2, modulates and sends the signal. 

w [0080] Here, it is generally relatively easy to calculate a bit error rate of a 1 6-value QAM signal and change the 
modulation system from 1 6-value QAM modulation to QPSK modulation when the value exceeds the predetermined 
value . This is because 1 6-value QAM modulation is a modulation system with a higher bit error rate than QPSK 
modulation and it only takes a short time to perform processing of detecting that the bit error rate exceeds the prede- 
termined value and changing the modulation system to QPSK modulation. 

15 [0081] On the contrary, it takes a long time to perform processing of calculating the bit error rate of the QPSK mod- 
ulated signal and changing the modulation system from QPSK modulation to 1 6-value QAM modulation when the bit 
error rate value falls below the predetermined value as described above. Considering this, by providing the bit error 
rate calculation apparatus 10, the communication system 400 can change the modulation system from QPSK modu- 
lation to 1 6-value QAM modulation speedily. 

20 [0082] Thus, according to the above-described configuration, the transmission/reception station B 600 that commu- 
nicates with the transmission/reception station A 500 carrying out adaptive modulation transmission is provided with 
the 1 6-value QAM bit error rate estimation section 603 and bit error rate calculation apparatus 1 0 so that the bit error 
rate report values Re and Pe are sent to the transmission/reception station A 500, and it is therefore possible to realize 
the communication system 400 capable of performing adaptive modulation processing speedily and accurately. 

25 

(Embodiments) 

[0083] This embodiment proposes that the communication quality estimation method according to the present in- 
vention should be applied to a communication system that makes an Automatic Repeat Request (ARQ). 

30 

(1) Explanation of Automatic Repeat Request 

[0084] Before explaining a configuration of this embodiment; an Automatic Repeat Request system will be explained 
first. The Automatic Repeat Request system is a communication system in which the receiving side is provided with a 
35 function of detecting errors in the received data, replies a communication acknowledgment signal (ACK/NACK signal) 
indicating the presence/absence of errors in the received data to the transmitting side, and if this communication ac- 
knowledgment signal is a NACK signal, the transmitting side resends the data, thus making the reliability of a commu- 
nication link more reliable. 

[0085] This Automatic Repeat Request system sends only a minimum communication acknowledgment signal 
40 through a return fink, which is a reverse communication of data transmission, requires an extremely small amount of 

traffic of the return link, and therefore it is suitable for a communication system with so-called asymmetric traffic, in 

which traffic is concentrated on a forward link which is a communication in the data transmission direction. 

[0086] Here, suppose a case where an adaptive communication system that adaptively switches the modulation 

system between QPSK and 1 6-value QAM is applied to a communication system that adopts an ARQ system. Assuming 
45 the case where it is not possible to secure the amount of traffic enough to transmit information of communication quality 

on the downlink, suppose a system required to send a communication acknowledgment signal immediately after error 

detection during downlink reception. 

[0087] Assume a case where a situation of a communication acknowledgment signal (ACK/NACK) from a terminal 
station to a base station is used as a parameter indicative of downlink communication quality. For example, when a 
so 1 6-value QAM-based communication is in progress, the base station monitors the situation of this communication 
acknowledgment signal and the frequency of NACK exceeds a predetermined rate forcommunication acknowledgment 
signals corresponding in number to the last several bursts, the base station decides that the communication quality of 
the downlink has deteriorated and can change the modulation system to QPSK which is relatively more resistant to 
errors. 

55 [0088] On the contrary, assuming a case of deciding a changeover from QPSK to 16-value QAM, since QPSK is 
highly resistant to errors, if communication quality is good to a certain degree an ACK (no errors) state may continue 
for communication acknowledgment signals corresponding to several bursts, in this situation, when the modulation 
system is changed to 1 6-value QAM, it is not possible to know whether reception errors occur or not from the commu- 
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nication acknowledgment signal about QPSK. 

[0089] Thus, when a modulation system such as QPSK whose bit error rate is relatively lower than that of 1 6-value 
QAM is changed to a modulation system such as 1 6-value QAM whose bit error rate is relatively higher than that of 
QPSK, a general communication system that carries out adaptive modulation and automatic repeat request tails to 
5 obtain information on appropriate communication quality in the changed modulation system and cannot obtain decision 
information appropriate for changing the modulation system. 

(2) Configuration, operation and effects of Embodiment 5 

10 [0090] Thus, this embodiment proposes that the communication quality estimation method of the present invention 
should be applied to a communication system that carries out adaptive modulation and automatic repeat request. 
[0091] FIG. 1 5 shows a configuration of a communication system 900 according to Embodiment 5. This embodiment 
will describe a case of the communication system 900 in FIG. 15 where a communication apparatus 1000 as a base 
station apparatus communicates with a communication apparatus 1100 as a communication terminal apparatus and 

*5 the modulation system of communication in which data is transmitted from the communication apparatus 1 000 to the 
communication apparatus 1 1 00 is switched. Hereafter, a communication link from the communication apparatus 1 000 
to the communication apparatus 1 1 00 will be explained as a downlink and a reverse communication link will be explained 
as an uplink. 

[0092] The communication system in this embodiment has a configuration in which the communication transmission 
20 capacity on the downlink is increased by adaptively changing the modulation system according to the quality of a 
transmission path environment. In this embodiment, suppose a case where two types of modulation system are 
switched round adaptively and a relationship of Da > Db holds between average signal points distances Da and Db of 
the respective modulation systems. In this case, assuming that both systems have the same modulation band, there 
is a relationship in which the modulation system B generally has a higher transfer rate and a greater required C/N (C/ 
25 N value necessary to realize the same bit error rate) than the modulation system A. As a specific example, assume 
QPSK as the modulation system A and 1 6-vaiue QAM as the modulation system B. 

[0093] In FIG. 15. the communication apparatus 1000 is mainly constructed of a radio reception section 1001, an 
adaptive modulation controller 1 002, a coder 1 003, an adaptive modulator 1 004 and a radio transmission section 1 005. 
On the other hand, the communication apparatus 1100 is mainly constructed of a radio reception section 1101, a 
30 demodulator 1102, a bit decision section 1103, an error detection section 1104 and a radio transmission section 1105. 
Furthermore, the error detection section 1 1 04 is mainly constructed of a simulated error detector 1 1 06, an error detector 
1107 and a detection result output section 1108. 

[0094] Here, the simulated error detector 1106 has a similar configuration as that of the bit error rate estimation 
section 13 of Embodiment 1 except that the simulated error detector 1 1 06 estimates not a bit error rate but a bit error 
35 as opposed to the bit error rate estimation section 13 of Embodiment 1 that estimates a simulated bit error rate, as- 
suming that data is transmitted with a modulation system with lower error resistance than the modulation system cur- 
rently being used for communication. 

[0095] The simulated error detector 1106 has a configuration as shown in FIG. 16. That is, an average signal point 
amplitude calculation section 1 201 detects an average amplitude on the IQ plane using orthogonal IQ vector information 
sequentially input from the demodulator 1102 (FIG. 15) and outputs the average amplitude to a threshold calculation 
section 1202. Here, suppose the average amplitude means not the length of an IQ vector on the IQ plane but the I and 
Q vector components, that is, the distance from the Q-axis and the distance from the l-axis as in the case of Embodiment 
1. 

[0096] When signals are transmitted based on a modulation system with lower error resistance than the modulation 
45 system currently being used for communication, the threshold calculation section 1202 calculates the range of signal 
point positions in which the signals can be received correctly from the average amplitude and outputs the calculation 
result to an error decision section 1204. 

[0097] A buffer 1 203 temporarily stores information of the orthogonal IQ vector input from the demodulator 1 1 02 and 
outputs it to the error decision section 1 204. 

50 [0098] The error decision section 1204 sets the range of the signal point positions where signals can be received 
correctly when signals are transmitted according to a modulation system with lower error resistance than the modulation 
system currently being used for communication, from the average amplitude and decides, and when the IQ vector of 
the demodulated received signal is not found within this range, the error decision section 1204 decides that an error 
occurs, and carries out an error decision in simulation assuming that transmission is performed according to a modu- 

55 lation system with lower error resistance than the modulation system currently used for communication. 

[0099] More specifically, the error decision section 1204 decides whether the amplitude values of the I and Q com- 
ponents of the orthogonal IQ vector information of QPSK modulated signals are within a threshold range or not and 
thereby makes an error decision on (amplitude bits of) 1 6-value QAM signals in simulation. 
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[0100] As a result, with the configuration as shown in FIG. 16, it is possible to obtain similar effects to those of the 
bit error rate estimation section 13 explained in Embodiment 1. 

[0101] Returning to FIG. 15, the communication system 900 of this embodiment will be explained again. The radio 
reception section 1001 receives a radio signal, amplifies, frequency-converts and demodulates the radio signal and 

5 outputs an ACK signal or NACK signal included in the received signal obtained to the adaptive modulation controller 
1002. Here, the ACK signal is a signal indicating that the transmitted data has been received correctly and the NACK 
signal is a signal indicating that the transmitted data contains errors and could not be received correctly. For example, 
the radio reception section 1001 receives a 16-value QAM communication acknowledgment signal (ACK signal or 
NACK signal) sent from the communication apparatus 1100 and outputs the reception result to the adaptive modulation 

10 controller 1002. 

[0102] The adaptive modulation controller 1002 decides whether or not to change the modulation system from the 
ACK signal and NACK signal and outputs an instruction for a change of the modulation system to the coder 1 003 and 
adaptive modulator 1 004. More specifically, the adaptive modulation controller 1 002 calculates the frequency of NACK 
signals from the number of times ACK signal and NACK signal are received and decides whether or not to change the 
15 modulation system based on the frequency of NACK signals. 

[0103] For example, when data is modulated according to 1 6-value QAM and sent the adaptive modulation controller 

1002 decides, when the frequency of NACK falls beiow a predetermined number of times in past 10 bursts, that the 
communication quality of the downlink is good and selects the 16-value QAM modulation system. Furthermore, when 
the frequency of NACK exceeds the predetermined number of times ; the adaptive modulation controller 1 002 decides 

20 that the communication quality of the downlink is bad and selects the QPSK modulation system. 

[0104] The coder 1003 subjects the data to be transmitted to error detection/coding and outputs it to the adaptive 
modulator 1004. For example, the coder 1003 carries out CRC-coding on the data to be transmitted. Then, when an 
instruction for changing the modulation system is received from the adaptive modulation controller 1002, the coder 

1 003 changes the number of bits of the data to be coded according to the number of bits of the data to be transmitted 
25 according to the modulation system to be used. 

[0105] The adaptive modulator 1004 modulates the data coded by the coder 1003 and outputs it to the radio trans- 
mission section 1 005. Then, the adaptive modulator 1 004 changes the modulation system of the data according to the 
instruction for the change of the modulation system output from the adaptive modulation controller 1002. The radio 
transmission section 1 005 converts the data modulated by the adaptive modulator 1 004 to a radio frequency, amplifies 
30 and transmits the radio signal obtained. 

[01 06] The radio reception section 1101 receives and amplifies a radio signal and converts itto a baseband frequency 
and outputs the received signal obtained to the demodulator 1102. 

[0107] The demodulator 1102 demodulates the received signal output from the radio reception section 1101 accord- 
ing to the modulation system used when the communication apparatus 1 000 modulated the transmission data. The IQ 
35 vector of the symbols of the received signal obtained through the demodulation processing is output to the simulated 
error detector 11 06 that, in simulation, estimates the communication quality of a signal modulated according to 1 6-value 
QAM and sent. Furthermore, the demodulation result is output to the bit decision section 1 1 03. The bit decision section 

1103 performs a hard decision on the demodulation result output from the demodulator 1102 and outputs the hard 
decision result to the error detector 11 07. 

40 [0108] The error detector 1107 detects an error rate of the received signal through error detection processing using, 
for example, CRC and outputs the detection result to the detection result output section 11 08 . On the other hand, the 
simulated error detector 1106 estimates whether errors will occur or not during reception when data is transmitted 
according to a modulation system that will possibly be changed in the current reception situation from the IQ vectors 
of symbols of the received signal output from the demodulator 1 1 02 and outputs the estimated detection result to the 

45 detection result output section 1108. 

[0109] More specifically, when a signal modulated according to 1 6-value QAM is received, the error detection section 

1104 directly detects errors of 16-value QAM using the demodulation result through the error detector 1107. On the 
other hand, when a signal modulated according to QPSK is received, the error detection section 1104 estimates, in 
simulation,- as to whether error will occur if data is transmitted according to 16-value QAM in the same reception 

50 situation using the IQ vector information of signal points of the received signal through the simulated error detector 
1106 and outputs the estimation result as the simulated error detection result. 

[01 10] When signals are transmitted according to a modulation system with low error resistance, the detection result 
output section 1 1 08 outputs the error detection result by the error detector 1 1 07 to the radio transmission section 1 1 05 . 
On the other, when signals are transmitted according to a modulation system with high error resistance, the detection 
55 result output section 1 1 08 outputs the simulated error detection result by the simulated error detector 1 1 06 to the radio 
transmission section 1105. 

[0111] More specifically, in the case of 16-value QAM, the detection result output section 1108 outputs the error 
detection result obtained by the error detector 1107, and in the case of QPSK, the detection result output section 1108 
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outputs the simulated error detection result obtained by the simulated error detector 1106, and therefore the detection 

result output section 1108 outputs detection results as the 16-valuc QAM error detection result in both cases. 

[0112] The radio transmission section 1105 modulates, converts the error detection result output from the detection 

result output section 1108 to a radio frequency, amplifies and sends the radio signal obtained. For example, the radio 
5 transmission section 1105 sends a communication acknowledgement signal (ACK/NACK) according to a 16-value 

QAM modulation system through the up link based on the 16-value QAM error detection result. Here : suppose ACK 

indicates that transmission has been successful and NACK indicates that transmission has failed. 

[0113] Then, the operation of the communication system 900 according to this embodiment will be explained. 

[0114] First, a case where the communication apparatus 1100 receives a QPSK modulated signal will be explained. 
10 At this time, the detection result output section 1108 outputs the simulated error detection result on 16-value QAM 

obtained by the simulated error detector 1106. The radio transmission section 1105 sends a simulated ACK/NACK 

signal about a 16-value QAM signal based on this simulated error detection result. 

[01 1 5] When the frequency of ACK signals is higher than a predetermined vaiue, the communication apparatus 1 000 
changes the modulation system from QPSK modulation to 16-value QAM. On the contrary., when the frequency of 
15 NACK signals is higher than the predetermined value, the communication apparatus 1000 continues to use QPSK 
modulation as the modulation system. 

[0116] Then, a case where the communication apparatus 1100 receives a 16-value QAM modulation signal will be 
explained. At this time, the detection result output section 1108 outputs the actual error detection result on 16-value 
QAM obtained by the error detector 1107. The radio transmission section 1105 sends an ACK/NACK signal about a 
20 16-value QAM signal based on this actual error detection result. 

[01 17] When the frequency of ACK signals is higher than a predetermined value, the communication apparatus 1 000 
continues to use 16-valuc QAM as the modulation system. On the contrary : when the frequency of NACK signals is 
higher than the predetermined value , the commu nication apparatus 1 000 changes the modulation system froml 6-value 
QAM to QPSK modulation. 

25 [0118] Thus, before the modulation system for adaptive modulation of the communication apparatus 1 000 is changed 
from QPSK modulation to 1 6-value QAM, it is possible to obtain appropriate information as to whether a communication 
environment suitable for a 16-value QAM communication is in place or not. 

[0119] According to the above-described configuration, by applying the communication quality estimation method 
according to the present invention to a communication system that carries out adaptive modulation and automatic 

30 repeat request and by notifying the communication partner of the communication quality estimated assuming a change 
of the modulation system to one having higher bit error rate than the modulation system currently being used in com- 
munication, it is possible to decide whether or not errors will occur in the received data if the modulation system is 
changed to a modulation system with higher bit error rate than that of the modulation system being used for commu- 
nication before the changeover of the modulation system. As a result, it is possible to carry out appropriate changeover 

35 processing without increasing transmission errors involved in the changeover. 

[0120] By the way, when a signal is transmitted according to QPSK, there is no particular constraint on operations 
related to whether or not to perform error detection of the demodulation result itself of the signal transmitted by QPSK 
and whether or not to transmit a communication acknowledgment signal. 

[0121] Furthermore, when applied to a communication system in which a communication acknowledgement signal 
40 is sent through the uplink and an automatic repeat request (ARQ) is performed, it is also possible to send both an error 
detection result in a modulation system used for a communication and a simulated error detection result according to 
a modulation system to which the modulation system is to be changed during ACK transmission. Furthermore, the 
method of transmitting the error delection result and the simulated error detection result is not particularly limited. The 
results may be transmitted through different communication paths or may be multiplexed and transmitted through a 
45 single communication path. Furthermore, the frame configuration, etc., is not particularly limited, 

[0122] Furthermore, the modulation system used for uplink transmission according to this embodiment is not partic- 
ularly limited and it is preferable to use a modulation system capable of securing sufficient reliability of a communication 
when an ACK signal is transmitted. 

50 (Embodiment 6) 

[0123] This embodiment proposes a preferable configuration for a system in which data to be communicated is 
subjected to error correcting coding processing when a communication is carried out based on adaptive modulation 
through the downlink between the communication apparatus 1000 and communication apparatus 1100 according to 
55 Embodiments. 

[0124] FIG. 17 shows a configuration of a communication system 1300 according to Embodiment 6 of the present 
invention. However the same components as those in FIG. 15 are assigned the same reference numerals as those in 
FIG. 15 and detailed explanations thereof will be omitted. A communication apparatus 1400 in FIG. 17 is different from 
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the communication apparatus 1000 in FIG. 15 in that it includes an error correcting coder 1401 and applies adaptive 
modulation to error correcting coded transmission data. 

[0125] Furthermore, a communication apparatus 1500 in FIG. 17 is different from the communication apparatus 1100 
in FIG. 15 in that it includes an error correcting decoder 1501 and an error detection section 1502 and counts, when 

5 the modulation system is changed to a modulation sysiem with a higher bit error rate than that of the modulation system 
currently being used for communication, the frequency with which errors occur in the received data and decides whether 
this frequency falls within an error-correctable range or not. Furthermore, the error detection section 1502 is mainly 
constructed of a simulated error detector 1503 : an error detector 1107 and a detection result output section 1108. 
[01 26] In the communication apparatus 1 400, a coder 1 003 performs error detection coding on data to be transmitted 

10 and outputs the data to an error correcting coder 1 401 . For example, the coder 1 003 performs CRC coding on the data 
to be transmitted. Then, when the coder 1 003 receives an instruction for changing a modulation system from an adaptive 
modulation controller 1002, it changes the number of bits of data to be subjected to coding processing according to 
the number of bits of the data to be transmitted according to the modulation system used. 

[01 27] The error correcting coder 1 401 carries out error correcting coding on the data coded at the coder 1 003 and 
15 outputs the data to an adaptive modulator 1004 . Block coding or convolutional coding, etc., can be used for this error 
correcting coding. This embodiment will describe BCH (63, 51). which is a kind of block coding as an example. This 
coding adds 12 parity bits to every input bit block of 51 bits and outputs a 63-bit block, and thereby provides codes for 
which errors of up to 2 bits in the block are correctable during decoding. 

[0128] On the other hand, the error correcting decoder 1 501 of the communication apparatus 1 500 carries out error 
20 correcting decoding on a hard decision result obtained at a bit decision section 1 1 03 and outputs the decoding result 
to the simulated error detector 1 503 and the error detector 1 1 07. This error correcting decoding is the decoding process- 
ing corresponding to the coding carried out by the error correcting coder 1401 of the communication apparatus 1400 
and corresponds to the decoding processing of BCH (63, 51) in this embodiment. That is, error correcting decoding 
processing is carried out for every input bit block of 63 bits and outputs decoded data of a 51 -bit block. 
25 [01 29] Then , a configuration of the simulated error detector 1 503 of this embodiment will be explained. FIG. 1 8 shows 
a configuration of the simulated error detector 1503 of this embodiment and the same components as those in FIG. 
16 are assigned the same reference numerals as those in FIG. 16 and detailed explanations thereof will be omitted. 
The simulated error detector 1503 is different from the simulated error detection 1106 in FIG. 16 in that it includes an 
error counter 1601 and a simulated decoding error detector 11602, and detects an error in simulation assuming a 
30 communication is carried out according to a modulation system to which the modulation system is to be changed based 
on the positions of symbols of the actually received signal and a distribution of symbols in the modulation system to 
which the modulation system is to be changed and decides whether the estimated error is correctable by error correcting 
decoding or not. 

[0130] In this embodiment, the communication apparatus 1400 applies error detection coding using CRC codes on 
35 the transmission data first and then applies error correcting coding using BCH (63, 51) codes. Thus, by carrying out 
error detection processing based on C RC codes on the error correction decoding result and obtaining the error detection 
result, it is possible to detect remaining errors that escapes being corrected in the error correcting decoding processing 
with BCH codes. 

[0131] The error counter 1 601 counts the number of bits decided to be erroneous at an error decision section 1204 
^0 every predetermined bit segment and outputs the counting result. This embodiment assumes that the predetermined 
bit segment is a 63-bit segment that corresponds to 1 coding block of BCH (63, 51) codes. 

[0132] The simulated decoding error detector 1602 receives the count value from the error counter 1601 and the 
number of error-correctable bits from the error correcting decoder 1501, decides whether the number of error bits 
counted by the error counter 1601 is correctable in every predetermined bit segment or not and outputs the decision 
45 result. 

[0133] More specifically, when, for example, the number of error bits counted is equal to or smaller than the number 
of error-correctable bits through the error correcting decoding processing, the simulated decoding error detector 1 602 
decides that no error will occur in the received data when the modulation system is changed to a modulation system 
with a higher bit error rate than that of the modulation system currently being used for communication. On the contrary, 
50 when the number of counted error bits is greater than the number of error-correctable bits, the simulated decoding 
error detector 1602 decides that errors will occur in the received data when the modulation system is changed to a 
modulation system with a higher bit error rate than that of the modulation system currently being used for communi- 
cation. 

[0134] More specifically, when the number of bits decided to be erroneous for every BCH code block counted by the 
55 error counter 1 601 corresponds to 2 bits or smaller which corresponds to the number of error-correctable bits of the 
BCH (63, 51) codes, the simulated decoding error detector 1602 decides that errors of this block will be corrected. On 
the contrary, when the counted number of bits decided to be erroneous exceeds 2 bits, the simulated decoding error 
detector 1602 decides that errors of this block cannot be corrected and some errors can remain. 
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[0135] Of the above-described decision on all BCH decoding of a received frame, if errors can remain in at least one 
block, the simulated decoding error detector 1 602 decides that errors can occur in this frame. When no error can remain 
even in one block, the simulated decoding error detector 1 602 decides no frame errors can occur. The above-described 
decision result is output as the simulated error detection result. 

5 [0136] Thus, when the modulation system is changed to a modulation system with a higher bit error rate than that 
of the modulation system currently being used (or communication, the communication apparatus of this embodiment 
counts the frequency of errors occurring in the received data and decides whether this frequency falls within an error- 
correctable range or not, and can thereby decide whether errors will occur in the received data or not also in the case 
of a communication using error correcting coding before changing the modulation system when the modulation system 

10 is changed to a modulation system with a higher bit error rate than that of the modulation system currently being used 
for communication. 

[0137] More specifically, when the communication apparatus 1500 of this embodiment receives a QPSK modulated 
signal and estimates whether an error can occur or not when the signal is communicated according to 1 6-value QAM 
through the same transmission path, the communication apparatus 1 500 can detect residual errors after error correction 

15 in simulation, by estimating whether errors beyond the error correcting capacity can occur or not. 

[01 3B] As a result, even in a communication system using errorcorrection coding, when the transmitting side changes 
the modulation system from a QPSK modulation system to a1 6-vaiue QAM modulation system, it is possible to perform 
appropriate changeover without increasing transmission errors involved in the changeover by changing the modulation 
system based on the error detection result after error correction decoding. 

20 [0139] By the way. this embodiment assumes the case where a plurality of BCH blocks exists in a received frame 
and as a condition for simulated detection of residual errors, it is decided that residual errors can occur when simulated 
errors are detected even in one block in the frame, but the present invention is not limited to this and it is aiso possible 
to adopt a configuration in such a way that the system detects residual errors, for example, in every BCH block and 
uses the frequency of block errors in BCH block units. 

25 

(Other embodiments) 

[0140] The above-described embodiments have described the case where communication quality of a 1 6-value QAM 
signal is estimated in simulation when a signal based on QPSK modulation system is received, or communication 
30 quality of a 64-value QAM signal is estimated in simulation when a 16-va!ue QAM modulated signal is received, but 
the present invention is not limited to this and applicable to any case where the communication quality of a modulation 
system with lower error resistance than that of the modulation system used for communication is estimated in simula- 
tion. 

[0141] More specifically, it is possible to estimate the communication quality in simulation for any modulation system 
35 jn which a relationship Da > Db holds, where an average distance between signal points of the modulation system 
used for communication is Da and an average distance between signal points of the modulation system whose com- 
munication quality is to be estimated in simulation is Db. 

[0142] For example, Embodiment 1 is also applicable in the case of receiving a modulated signal with a greater 
distance between signal points than that of 1 6-value QAM such as BPSK modulated signal, 7i/4-shift DQPSK modulated 
40 signal, MSK modulated signal, GMSK modulated signal and GFSK modulated signal instead of a QPSK modulated 
signal corresponding to the modulation system in communication. Furthermore, the present invention is also applicable 
in the case of estimating communication quality of multi-value QAM with 16 or more values and a PSK modulated 
signal with 8 or more values in simulation. 

[0143] When a 7i/4-shift DQPSK modulated signal or a differential-coded GMSK modulated signal is received, an 
45 orthogonal IQ vector similar to that of a QPSK modulated signal is obtained through delay detection of a received 
signal, and therefore applying the same processing as that of the above-described embodiment to this orthogonal IQ 
vector makes it possible to estimate the reception bit error rate and bit errors of a 1 6-value QAM in simulation. In this 
case, the error characteristic of delay detection is known to deteriorate compared to synchronous detection (more 
specifically, approximately 3dB at required C/N), and therefore it is also possible to correct a BER estimated value 
50 based on this or correct the decision criteria for changeover control according to the frequency of NACK. 

[0144] Here, a case will be explained here using FIG. 19, FIG. 20 and FIG. 21 , where the communication quality of a 
signal modulated according to 64-value QAM is estimated, in simulation, based on the point positions of a 1 6-value 
QAM signal that is transmitted. 

[0145] FIG. 19 shows a configuration of a simulated error detector 1700. Compared to the simulated error detector 
55 1106 shown in FIG. 16, the simulated error detector 1700 has the same configuration except that processing in each 
block is different. 

[01 46] An average signal point amplitude calculation section 1 70 1 detects an average amplitude of a received 1 6-val- 
ue QAM signal on the IQ plane using orthogonal IQ vector information sequentially input from the demodulator 1102 
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(FIG. 15) and outputs the average amplitude to a threshold calculation section 1702. For example, the average signal 
point amplitude calculation section 1 701 calculates an average value of absolute values of the I and Q components of 
each 16-value QAM input signal point vector and regards this average value as an average amplitude. 
[0147] The threshold calculation section 1702 calculates a plurality of thresholds ths for the 64-value QAM signal 

5 based on a theoretical distribution state of the 64-value QAM signal on the IQ plane when the 64-value QAM signal is 
received with the same reception power as that when a 16-value QAM modulated signal is received and an average 
signal point amplitude a detected at the average signal point amplitude calculation section 1701. 
[0148] A buffer 1703 temporarily stores information on the orthogonal IQ vector input from the demodulator 1102 
(FIG. 15) and outputs it to an error decision section 1704. 

10 [0149] The error decision section 1704 decides whether the amplitude values of the I and Q components of the 
orthogonal IQ vector information of the 16-value QAM modulated signal fall within the range of threshold ths or not 
and thereby carries out, in simulation, an error decision on the 64-value QAM signal (amplitude bits). 
[0150] FIG.20 shows an example of signal point configurations of a 16-value QAM modulation system and 64-value 
QAM modulation system. In the example in FIG.20, error detection is performed assuming a case where a 64-value 

*5 QAM signal with the same power as that of a 16-value QAM signal is received. In FIG.20, assuming that an average 
signal point amplitude vector of the 1 6-value QAM modulated signal is (a, a), the I and Q components of each signal 
point of the 64-value QAM signal take 8 values of ±a/\'21 , ±3aA/21 , ±5a/\'21 , and ±7aA/21 . 

[0151] The threshold calculation section 1702 sets thresholds at a/\'5±a/\'21 , 3a/V5±a/%f21 located at a distance of 
aW21 from the respective signal points of the 16-value QAM signal as shown in FIG. 21. 
20 [0152] The error decision section 1 704 uses this threshold and decides in simulation, when the sequentially input I 
and Q components are found in an area beyond a range set by a threshold ths from the 1 6-value QAM signal points, 
that is, when the I and Q components enter the area AR in FIG .21 , that an amplitude decision error has occurred and 
outputs the decision result as a simulated error detection result. 

[0153] Furthermore, the above-described embodiments have determined a simulated bit error rate and bit errors 
25 using IQ vectors of a received modulated signal but when a pilot symbol or unique word symbol segment is inserted 
in a received burst, it is also possible to use vectors in this segment instead of PSK-based modulated signals such as 
QPSK and BPSK. 

[0154] Furthermore, above-described Embodiment 1 uses values of ±(1 -1 /\'5)a as the thresholds to decide threshold 
decision errors for an average signal point amplitude a of a QPSK modulated signal and this is because Embodiment 

30 1 assumes a system in which a QPSK signal and 1 6-value QAM signal are transmitted with the same power, that is, 
with the same average effective amplitude. Therefore, if the QPSK signal and 16-value QAM signal are sent with 
different transmit power values, the thresholds are not limited to this, and it is obvious that if it is possible to estimate 
a difference of transmit power values beforehand, thresholds can be set based on this difference. For example, as 
shown in FIG. 22, in the case of a communication system in which an average signal point amplitude of a QPSK signal 

35 coincides with a maximum signal point amplitude of a 1 6-value QAM signal (O denotes an average signal point am- 
plitude of QPSK and • denotes distributed locations of a 16-value QAM signal), the aforementioned thresholds can 
be set to ±(2/3) a. 

[0155] Likewise, above-described Embodiment 2 uses values of ± (1 ± 1 /V21 ) a as the thresholds to decide amplitude 
decision errors for an average signal point amplitude a, and this is because Embodiment 2 assumes a system in which 
40 a QPSK signal and 64-value QAM signal are transmitted with the same power, that is, with the same average effective 
amplitude. Therefore, if the QPSK signal and 64-value QAM signal are sent with different transmit power values, the 
thresholds are not limited to this, and it is obvious that if it is possible to estimate a difference of transmit power values 
beforehand thresholds can be set based on this difference. 

[0156] Furthermore, above-described Embodiment 1 has described the case where a final simulated bit error rate 
45 Pe is calculated based on Expression (6), but the present invention is not limited to this, and in the case of a system 
which only requires an estimate value of the simulated bit error rate to be calculated, it is possible to output the threshold 
decision error rate Pa determined from Expression (3) as the final simulated bit error rate of a 16-value QAM signal. 
[0157] Furthermore, above-described Embodiment 1 has described the case where the threshold decision error rate 
Pa is determined and then the simulated bit error rate Pe of 1 6QAM is determined based on this value, but the calculation 
50 sequence is not limited to this, and it is only necessary to finally obtain the same result as that of Expression (6). 
Therefore, it is possible to calculate, for example, an overall bit error count Ne in a 16QAM signal from a threshold 
decision error count Na from the following Expression (1 1 ) and divide Ne by the total bit count Nb (= 2 x N = 4 x Nsym) 
of the 16QAM signal according to Expression (12). 

55 Ne=l.5xNa (11) 
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Pe = K/Nb 

= (1.5 x Na) / (2 x N) 

= 0.75 x Na/N ■•• (12) 



[0158] Furthermore, above-described Embodimenl 1 adopis the configuration in which the threshold for deciding 
10 threshold decision errors is set to a value ±(1 -1/\'5)a for the average signal point amplitude a of a QPSK modulated 
signal and the counter is incremented assuming that an amplitude decision error has occurred when the IQ vector of 
a received symbol satisfies the conditions of Expression (1) or Expression (2), but the present invention is not limited 
to this. It is also possible, for example, to adopt a configuration of further setting values (1+1 N5)a as thresholds ths_!2 
and ths_q2 for the respective components of the !-axis direction and Q-axis direction, incrementing the counter also 
15 when the IQ vector rx= (ri, rq) of the received symbol satisfies the following Expression (1 3) or Expression (14) assuming 
that their respective threshold decision errors have occurred and calculating amplitude decision bit error rate Pa'. In 
this case, the following Expression (15) can be used instead of Expression (5) for correction of the bit error rate: 



20 



25 



40 



45 



ri < -ths_.12 or ths_12 < ri (13) 
rq < -ths_q2 or ths_q2 < rq (14) 
Pe = (3/8) x Pa' (15) 



[0159] Likewise, above-described Embodiment 2 adopts the configuration in which the threshold for deciding thresh- 
old decision errors is set to two values +(1 + 1/ V21)a for the average signal point amplitude a of a QPSK modulated 

30 signal and the counter is incremented assuming that an amplitude decision error has occurred when the IQ vector of 
a received symbol enters the shaded area in FIG. 12, but the present invention is not limited to this. For example, it is 
also possible to adopt a configuration of setting thresholds thhs_i2 and ths_q2 to (1-1/^21) only for the respective 
components of the l-axis direction and Q-axis direction, incrementing the counter when the IQ vector rx = (ri, rq) of the 
received symbol satisfies the following Expression (16) or Expression (17) assuming that their respective threshold 

35 decision errors have occurred and calculating amplitude decision bit error rate Pa" . In this case, the following Expres- 
sion (18) can be used instead of Expression (10) for correction of the bit error rate: 



-ths J2 < ri < ths_i2 (16) 
ths_q2 < rq < ths_q2 (17) 
Pe = (7/12) >: Pa' 1 (18) 



[0160] Furthermore, the above-described embodiments have described the case where the thresholds for calculating 
a simulated bit error rate orbit errors are set in parallel to the l-axis and Q-axis, but the present invention is not limited 
to this. For example, instead of setting thresholds in parallel to the l-axis and Q-axis, it is also possible to set thresholds 

50 to predetermined phase conditions in the rotation direction of the axis centered on the origin as shown in FIG. 23. This 
makes it possible to estimate not oniy multi-value QAM but also a simulated bit error rate or bit error assuming reception 
of a multi-phase PSK modulated signal. By the way O in FIG.23 denotes a QPSK signal symbol and denotes an 
8PSK signal symbol. In this case, it is possible to calculate a simulated bit error rate (or simulated error) for an 8PSK 
signal by setting thresholds at rotation positions expressed by dotted lines in the figure and calculating a rate at which 

55 the received QPSK signal exceeds this threshold (or whether it has exceeded the threshold or not). 

[0161) Furthermore, the above-described embodiments have described the configuration of calculating a simulated 
bit error rate as the communication quality as an example, but the present invention is not limited to this and can also 
adopt a configuration, for example, of detecting in simulation as to whether bit errors can occur in a predetermined 
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frame instead of a bit error rate. 

[0162] Furthermore, the present invention is easily adaptable so that error correcting coding in Embodiment 6 is 
applicable to the configuration of above-described Embodiment 5. In this case : to be more accurate, the relationship 
in Expression (10) explained in Embodiment 2 holds between the probability Pa that an amplitude decision bit error 

5 will occur with 64-value QAM and an overall 64-value QAM bit error probability Pe. 

[0163] When the number of amplitude decision errors is 6 or smaller, there is a high possibility that the number of 
bit errors in the entire 64QAM will be smaller than 2. Therefore ! it is possible to adopt a configuration in which when 
the number of errors is up to 6, it is decided that no residual bit errors can occur in the error correction block, whereas 
when the number of errors exceeds 6, it is decided that residual bit errors can occur. 

10 [0164] Furthermore, above-described Embodiments 5 and 6 have not particularly described a case where the com- 
munication apparatuses 1 000 and 1400 fail to receive a communication acknowledgment signal on the uplink for some 
influences, but it is also possible to handle this case as if NACK had been received or ignore it assuming that the 
communication is disabled. 

[0165] Furthermore, the above-described embodiments have supposed that codes used for decoding are BCH 

15 codes, but the present invention is not limited to this, it is obvious that other block codes are also applicable. Further- 
more, even when convolutional codes or turbo codes are used ; simulated error detection is possible if it is possible to 
estimate whether errors are correctable or not based on the number of errors detected and detection positions. More 
specifically, it is possible to estimate beforehand whether it is possible to correct errors or not from patterns of a coding 
generating polynomial and error locations, and therefore this relationship can be provided beforehand as a table. 

20 [0166] Furthermore, when a communication is carried out based on adaptive modulation on the downlink in above- 
described Embodiments 3 to 6, the communication apparatuses 1100 and 1500 identify the modulation system during 
reception/demodulation, but the present invention is not limited to this method. Therefore, it is also possible to adopt 
a method of inserting a modulation system identification symbol in a burst in communication and using this or use a 
method whereby the communication apparatuses 1 1 00 and 1 500 autonomously identify the modulation system without 

25 using predetermined identification information, a so-called blind identification method. 

[0167] Moreover, the above-described embodiments have not described components other than the components 
described in the transmitters/receivers because they are not particularly limited. For example, interleave processing 
of transmission data and burst configuration processing, etc., may or may not exist in the apparatus. 
[0168] Above-described Embodiments 3 to 6 have described the case where QPSK and 16-value QAM are the 

30 modulation systems used for adaptive modulation on the downlink, but the present invention is not limited to this and 
various modulation systems are also applicable. Moreover the present invention is not limited to two types of modulation 
systems and it is also possible to adopt a system of adaptively switching among a plurality of types of modulation 
systems. 

[0169] For example, assuming that a third modulation system C whose average distance between signal points is 
35 Dc if a relationship of Da > Db > Dc holds, the present invention is also applicable to a case where adaptive modulation 
changeover is carried out among three types of modulation systems A, B and C. 

[0170] More specifically, when the modulation system A is QPSK, modulation system B is 1 6-value QAM and mod- 
ulation system C is 64-value QAM, it is possible to adopt a configuration that simulated error detection of modulation 
system B is performed during reception of modulation system A and simulated error detection of modulation system 
40 C is performed during reception of modulation system B. II is possible to perform only error detection of modulation 
system C during reception of modulation system C and perform changeover to modu lation system B when the frequency 
of error detection exceeds a predetermined frequency. Furthermore, it is also possible to adopt a configuration of 
performing simulated error detection of modulation system C during reception of modulation system A or modulation 
system B. 

45 [0171] Furthermore, the same transmit power is assumed for both the downlink and downlink, but the present inven- 
tion is not limited to this and different transmit power values can also be used if the difference between the power 
values is known beforehand. In that case, since it is possible to estimate a bit error rate on the downlink based on the 
information on the estimated simulated bit error rate and the transmit power difference, the modulation system can be 
selected based on this value. 

50 [0172] Furthermore, the target modulation system in the configuration of Embodiment 6 is not limited to 16-value 
QAM, but is also applicable to other modulation systems. For example, when it is applied to 64-value QAM, a relation- 
ship according to Expression (3) holds between the probability Pa for an amplitude decision bit error to occur in 64-value 
QAM and an overall 64-value QAM bit error probability Pe. 

[0173] When the number of amplitude decision errors is 6 or smaller, there is a high probability that the number of 
55 bit errors on the entire 64-value QAM will be smaller than 2. For this reason, it is also possible to adopt a configuration 
that allows the system to decide that no residual bit errors can occur in the error correction block when the number of 
errors is up to 6 or contrarily decide that some residual bit errors can occur when the number of errors exceeds 6. 
[0174] It is further possible to include the error correction coding shown in above-described Embodiment 6 in the 
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configuration of estimation of a simulated bit error rate shown in Embodiments 1 and 2, and in this case, it is possible 
to adopt a configuration counting only residual bit errors obtained through the above-described processing and calcu- 
lating the bit error rate after error correction processing in simulation. 

[0175] Furthermore, the present invention is not restricted by the multiplexing system or secondary modulation sys- 
5 tern in a communication system, but applicable if the above-described modulation system is used for primary modu- 
lation. For example, the present invention is also applicable to a system in which adaptive modulation is applied as 
primary modulation by QPSK modulation or multi-value QAM and then code division multiple access is applied through 
spread spectrum as secondary modulation and also applicable to a system in which frequency hopping processing is 
applied as secondary modulation, and further applicable to a system in which Orthogonal Frequency Division Multi- 
10 plexing (OFDM) is applied as secondary modulation. 

[0176] Furthermore, the above-described embodiments have described the case where the present invention is 
applied to a radio communication, but the present invention is not limited to this and is also applicable, for example, 
to optical communication, etc., and widely applicable to apparatuses that transmit data by applying digital modulation 
processing. 

15 [0177] Furthermore, the above-cioscribed embodiments have described the case where the bit error rate calculation 
apparatus 10 calculates a simulated bit error rate, but the present invention is not limited to this and it goes without 
saying that it is also possible to adopt a configuration that processes these components through an FPGA (Field Pro- 
grammable Gate Array), ASIC (Application Specific integrated Circuit), CPU (Central Processing Unit) or DSP (Digital 
Signal Processing) , etc. 

20 [0178] Furthermore, the present invention is not limited to the above-described embodiments but can be implemented 
modified in various ways. For example, the above-describedembodimentshavedescribedthecasewhere the communi- 
cation quality estimation method of the present invention is implemented through a bit error rate detection apparatus, 
simulated error detection apparatus and communication apparatus, but the present invention is not limited to this, and 
it is also possible to implement the bit error rate detection apparatus, simulated error detection apparatus and com- 

25 munication apparatus by software. 

[0179] For example, it is also possible to store a program to execute a communication quality estimation method of 
the present invention in a ROM (Read Only Memory) beforehand and aliowthe CPU (Central Processor Unit) to operate 
the program. 

[0180] Furthermore, it is also possible to store a program to execute the communication quality estimation method 
30 of the present invention in a computer-readable storage medium, record the program stored in the storage medium in 
a RAM (Random Access memory) of a computer and allow the computer to operate according to the program. 
[0181] The present invention is not limited to the above-described embodiments but can be implemented modified 
in various ways. 

[0182] The communication quality estimation method of the present invention is designed to include a reception step 

35 of receiving a signal digital-modulated and transmitted according to a first modulation system and a communication 
quality simulated estimation step of estimating communication quality, in simulation assuming a signal is digital-mod- 
ulated and transmitted according to a second modulation system which is different from the first modulation system. 
[0183] According to this method, simulated communication quality of the modulated signal modulated according to 
the second modulation system can be estimated from the modulated signal modulated according to the first modulation 

40 system, which makes it possible to predict the communication quality of the modulated signal modulated according to 
the second modulation system beforehand without actually transmitting the modulated signal. 
[0184] The communication quality estimation method of the present invention is adapted in such a way that the 
communication quality simulated estimation step includes a threshold calculation step of calculating thresholds on an 
IQ plane based on an average position of sequentially input symbols on the IO plane of the first digital-modulated signal 

45 which is digital-modulated according to the first modulation system and a theoretical distribution state of the symbols 
on the IQ plane of the second digital-modulated signal which is digital-modulated according to the second modulation 
system, and a simulated bit error rate calculation step of calculating the simulated bit error rate of the second digital- 
modulated signal as the communication quality by sequentially deciding the positions of the sequentially input symbols 
on the IQ plane of the first digital-modulated signal in comparison with the above-described threshold. 

50 [0185] According to this method, in the threshold calculation step, a new threshold is calculated considering the 
distribution state of the second digital-modulated signal on the IQ plane instead of the threshold to calculate the bit 
error rate of the conventional first digital-modulated signal for the first digital-modulated signal. Actually, when the bit 
error rate of the second digital-modulated signal is higher than the bit error rate of the first digital-modulated signal, 
this threshold becomes a threshold with a wider area where signals are decided as bit errors than that of the threshold 

55 used to calculate the bit error rate of the conventional first digital-modulated signal considering the second digital- 
modulated signal. As a result, since the simulated bit error rate of the second digital-modulated signal is calculated 
using this threshold in the simulated bit error rate calculation step, it is possible to calculate the simulated bit error rate 
of the second digital-modulated signal speedily and accurately. 
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[0186] The communication quality estimation method of the present invention is adapted in such a way that the 
communication quality simulated estimation step includes a threshold calculation step of calculating thresholds on the 
IQ planebased on an average position of sequentially input symbols on the IQ plane of the first digital-modulated signal 
which is digital-modulated according to the first modulation system and a theoretical distribution state of the symbols 

5 on the IQ plane of the second digital-modulated signal which is digital-modulated according to the second modulation 
system, and a simulated error detection step of detecting bit errors in simulation, assuming the signal is digital-modu- 
lated and transmitted according to the second modulation system by sequentially deciding the positions of the sequen- 
tially input symbols on the IQ plane ofthefirst digital-modulated signal in comparison with the above-described threshold 
and outputting the detection result as the above-described communication quality. 

10 [0187] According to this method, the threshold on the IQ plane is obtained based on average positions of the I and 
Q components when the received signal according to the first modulation system is demodulated, a threshold decision 
is applied to the I components and Q components of the sequentially received signals according to the first modulation 
system and simulated error detection of signals according to the second modulation system is performed, and therefore, 
it is possible to make an appropriate decision as to whether errors occur or not when signals are transmitted according 

15 to the second modulation system instead of the first modulation system through the same transmission path. 

[0188] In the communication quality estimation method of the present invention, the first digital-moduiated signal has 
periodically inserted pilot signals, and in the threshold calculation step, a threshold on the IQ plane is calculated based 
on the positions of the pilot signals on the IQ plane and a theoretical distribution state of the symbols of the second 
digital-modulated signal on the IQ plane, and in the simulated bit error rate calculation step (or simulated error detection 

20 step), the positions of sequentially input pilot signals on the IQ plane are sequentially decided in comparison with the 
above-described threshold and the simulated bit error rate (or bit errors) of the second digital-modulated signal is 
thereby calculated. 

[0189] In the communication quality estimation method of the present invention, the first digital-modulated signal is 
a signal with a unique word string inserted in a predetermined location, and in the threshold calculation siep, a threshold 

25 on the IQ plane is calculated based on the position of the unique word string on the IQ plane and a theoretical distribution 
state of the symbols of the second digital-moduiated signal on the IQ plane, in the simulated bit error rate calculation 
step (or simulated error detection step), the positions of sequentially input unique word strings on the IQ plane are 
sequentially decided in comparison with the above-described threshold, and the simulated bit error rate (or simulated 
error) of the second digital-modulated signal is thereby calculated. 

30 [0190] These methods calculate thresholds based on pilot signals and a unique word string, which are easier to 
detect than other signals and calculate a simulated bit error rate (or simulated errors), and can thereby calculate a 
simulated bit error rate (or simulated errors) of the second digital-modulated signal more speedily and accurately. 
[0191] The communication quality estimation method of the present invention is designed to include an error counting 
step of counting the number of errors detected in the error decision step within a predetermined unit for correcting 

35 signal errors, and a decoding error detection step of deciding, when signals are transmitted according to the second 
modulation system, whether signals are error-correctable or not based on the number of errors detected in the error 
counting step. 

[0192] According to this method, the simulated frequency with which errors occur in received data in the case where 
the modulation system is changed from the first modulation system to the second modulation system is counted, it is 
40 decided whether this simulated error frequency falls within an error-correctable range or not, and it is therefore possible 
to decide, also during a communication using error correcting coding, whether errors occur in the received data when 
the modulation system is changed from the first modulation system to the second modulation system before the change- 
over of the modulation system. 

[0193] The communication quality estimation apparatus of the present invention adopts a configuration including a 
45 reception section that receives a signal digital-moduiated and transmitted according to a first modulation system, a 
communication quality simulated estimation section that estimates communication quality based on the signal point 
positions of a digital-modulated signal according to a first system received, in simulation, assuming a signal is digital- 
modulated and transmitted according to a second modulation system which is different from the first modulation system 
and a transmission section that transmits the simulated communication quality obtained by the communication quality 
50 simulated estimation section. 

[0194] This configuration allows the communication apparatus on the other end of communication carrying out adap- 
tive modulation to receive simulated communication quality information and perform changeover processing for an 
appropriate modulation system according to a propagation path environment. 

[0195] The above-described transmission section of the communication apparatus of the present invention sends a 
55 simulated ACK/NACK signal about the signal according to the second modulation system based on the simulated 
communication quality obtained by the communication quality simulated estimation section. 

[0196] This configuration makes it possible to effectively use ACK/NACK signals which are existing signals used for 
an automatic repeat request system to send simulated communication quality information to the station on the other 



20 



EP 1 363 437 A1 



end of communication and aiso allow the station on fne other end of communication to perform adaplivc modulation 
processing based on simulated communication quality information using existing ACK/NACK signals. 
[0197] The communication system of the present invention adopts a configuration including a first and second trans- 
mission/reception stations communicable with each other, a reception section that is provided on the first transmission/ 

5 reception station and receives a first digital-modulated signal which is digital-modulated according to a first modulation 
system sent from the second transmission/reception station, a transmission section that is provided on the first trans- 
mission/reception station and sends a first or second digital-modulated signal obtained by selectively applying first or 
second modulation processing to the transmission signal to the second transmission/reception station, a communica- 
tion quality simulated estimation section that estimates the communication quality in simulation, assuming a signal is 

10 digital-modulated and transmitted according to a second modulation system different from the first modulation system 
based on the signal point positions of the digital-modulated signal according to the first modulation system received 
by the reception section, and a modulation system selection section that selects modulation processing at the trans- 
mission section according to the simulated communication quality obtained by the communication qualiiy simulated 
estimation section. 

15 [0198] According to this configuration, the modulation system selection section of the first transmission/reception 
station can change the modulation processing of the transmission section from the first modulation processing to the 
second modulation processing according to the simulated communication quality of the second digital-modulated signal 
speedily and accurately calculated by the communication quality simulated estimation section. As a result, the first 
transmission/reception station can speedily and accurately change from the first digital modulation processing with a 

20 low bit error rate (small communication capacity) to the second digital modulation processing with a high bit error rate 
(large communication capacity) to transmit data, and thereby increase the communication capacity while keeping the 
communication quality high. 

[0199] The communication system of the present invention adopts a configuration including a first and second trans- 
mission/reception stations communicable with each other a reception section that is provided on the first transmission/ 

25 reception station and receives a first digital-modulated signal which is digital-modulated according to a first modulation 
system sent from the first transmission/reception station, a transmission section that is provided on the first transmis- 
sion/reception station and sends a first or second digital-modulated signal obtained by selectively applying first or 
second modulation processing to the transmission signal to the second transmission/reception station, a communica- 
tion quality simulated estimation section that is provided on the second transmission/reception staiion and estimates 

30 the communication quality in simulation, assuming a signal is digital-modulated and transmitted according to a second 
modulation system different from the first modulation system based on the signal point positions of the digital-modulated 
signal according to the first modulation system received by the reception section, and a transmission section that is 
provided on the second transmission/reception station and sends the simulated communication quality obtained by 
the communication quality simulated estimation section as a selection signal for selecting modulation processing at 

35 the transmission section provided on the first transmission/reception station. 

[0200] According to this configuration, the transmission section of the first transmission/reception station can speedily 
and accurately change the modulation processing from the first modulation processing to the second modulation 
processing based on the selection signal sent from the second transmission/reception station. As a result, the first 
transmission/reception station can speedily and accurately change from the first digital modulation processing with a 

40 low bit error rate (small communication capacity) to the second digital modulation processing with ahigh bit error rate 
(large communication capacity) to transmit data, and thereby increase the communication capacity while keeping the 
communication quality high. 

[0201] The above-described first and second transmission/reception stations of the communication sysiem of the 
present invention adopt a configuration carrying out bi-directional communication through the same frequency channel 
according to time division duplex . 

[0202] This configuration makes it possible to obtain simulated communication quality in a reception environment of 
the same communication quality as that of a transmission environment, thereby perform changeover processing for a 
modulation system more suitable for the transmission path environment and further perform modulation system change- 
over processing while keeping the communication quality high. 

50 [0203] As described above : the present invention estimates, based on the signal point positions of a digital-modulated 
signal according to a first modulation system received, communication quality in simulation, assuming a signal is digital- 
modulated and transmitted according to a second modulation system which is different from the first modulation system, 
and can thereby implement a communication quality estimation method and communication quality estimation appa- 
ratus capable of speedily and accurately determining the communication quality when a signal is transmitted according 

55 to a modulation system with a high bit error rate based on a transmission signal according to a modulation system with 
a low bit error rale. 

[0204] Furthermore, by applying this communication quality estimation method and communication quality estimation 
apparatus to a communication system carrying out adaptive modulation, the present invention can perform changeover 
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to an appropriate modulation system when the modulation system is changed from a modulation system with a low bit 
error rate to a modulation system with a high error rate. 

[0205] This application is based on the Japanese Patent Application No. 2001 -251 940 filed on August 22, 2001 , the 
Japanese Patent Application No. 2002-68831 filed on March 13, 2002, and the Japanese Patent Application No. 
5 2002-225203 filed on August 1 , 2002, entire content of which is expressly incorporated by reference herein. 

Industrial Applicability 

[0206] The present invention is preferably used in a radio communication system using : for example, an adaptive 
10 modulation system. 



Claims 

15 1. A communication quality estimation method comprising: 

a reception step of receiving a signal digital-modulated and transmitted according to a first modulation system; 
and 

a communication quality simulated estimation step of estimating communication quality in simulalion, assum- 
20 jng a signal is digital-modulated and transmitted according to a second modulation system which is different 

from said first modulation system. 

2. The communication quality estimation method according to claim 1 , wherein said communication quality simulated 
estimation step comprising: 

25 

a threshold calculation step of calculating thresholds on an IQ plane based on an average position of sequen- 
tially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated according 
to said first modulation system and a theoretical distribution state of the symbols on the IQ plane of the second 
digital-modulated signal which is digital-modulated according to said second modulation system: and 
30 a simulated bit error rate calculation step of calculating the simulated bit error rate of said second digital- 

modulated signal as said communication quality by sequentially deciding the positions of the sequentially input 
symbols on the IQ plane of said first digital-modulated signal in comparison with said thresholds. 

3. The communication quality estimation method according to claim 1 . wherein said communication quality simulated 
35 estimation step comprising: 

a threshold calculation step of calculating thresholds on the IQ plane based on an average position of sequen- 
tially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated according 
to said first modulation system and a theoretical distribution state of the symbols on the IQ plane of the second 
40 digital-modulated signal which is digital-modulated according to said second modulation sysiem; and 

a simulated error detection step of detecting bit errors in simulation, assuming the signal is digital-modulated 
and transmitted according to said second modulation system by sequentially deciding the positions of the 
sequentially input symbols on the IQ plane of said first digital-modulated signal in comparison with said thresh- 
olds and outputting the detection result as said communication quality. 

45 

4. The communication quality estimation method according to claim 1, wherein said first modulation system has 
higher error resistance than said second modulation system. 

5. The communication quality estimation method according to claim 1 , wherein an average distance between signal 
50 points of said first modulation system is longer than an average distance between signal points of said second 

modulation system. 

6. The communication quality estimation method according to claim 3, wherein said first digital-modulated signal is 
a PSK modulated signal and said second digital-modulated signal is a multi-value QAM modulated signal, and in 

55 said threshold calculation step, said thresholds are calculated considering values corresponding to amplitude 

thresholds for every I and Q components between neighboring signal points of said multi-value QAM modulated 
signal. 
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7. The communication quality estimation method according to claim 3. wherein said first digital-modulated signal is 
a PSK modulated signal and said second digital-modulated signal is a multi-phase PSK modulated signal which 
has more phases than the first digital-modulated signal, and in said threshold calculation step, said thresholds are 
calculated considering the phase components between neighboring signal points of said multi-phase PSK modu- 

5 iated signal. 

8. The communication quality estimation method according to claim 2, wherein in said simulated bit error rate calcu- 
lation step, a simulated bit error rate is calculated by sequentially deciding the positions of the sequentially input 
symbols on the IQ plane of said first digital-modulated signal in comparison with said thresholds and then the 

10 calculated simulated bit error rate is multiplied by a predetermined correction value to determine a final simulated 

bit error rate. 

9. The communication quality estimation method according to claim 2 : wherein said first digital-modulated signal has 
periodically inserted pilot signals, and in said threshold calculation step, a threshold on the IQ plane is calculated 

'5 based on the positions of said pilot signals on the IQ plane and a theoretical distribution state of the symbols of 

the second digital-modulated signal on the IQ plane, and in said simulated bit error rate calculation step, the po- 
sitions of sequentially input pilot signals on the IQ plane are sequentially decided in comparison with said thresholds 
to calculate the simulated bit error rates of said second digital-modulated signal. 

20 10. The communication quality estimation method according to claim 3. wherein said first digital-modulated signal has 
periodically inserted pilot signals, and in said threshold calculation step, a threshold on the IQ plane is calculated 
based on the positions of said pilot signals on the IQ plane and a theoretical distribution state ol the symbols of 
the second digital-modulated signal on the IQ plane, and in said simulated error detection step, the positions of 
sequentially input pilot signals on the IQ plane are sequentially decided in comparison with said threshold and bit 

25 errors are thereby detected in simulation, assuming signals are digital-modulated and transmitted according to 

said second modulation system. 

11. The communication quality estimation method according to claim 2 : wherein said first digital-modulated signal is 
a signal with a unique word string inserted at a predetermined location, and in said threshold calculation step, a 

30 threshold on the IQ plane is calculated based on the position of said unique word string on the IQ plane and a 

theoretical distribution state of the symbols of the second digital-modulated signal on the IQ plane, and in said 
simulated bit error rate calculation step, the positions of sequentially input unique word strings on the IQ plane are 
sequentially decided in comparison with said threshold to calculate the simulated bit error rate of said second 
digital-moduiated signal. 

35 

12. The communication quality estimation method according to claim 3. wherein said first digital-moduiated signal is 
a signal with a unique word string inserted at a predetermined location, and in said threshold calculation step, a 
threshold on the IQ plane is calculated based on the position of said unique word siring on the IQ plane and a 
theoretical distribution state of the symbols of the second digital-modulated signal on the IQ plane, and in said 

40 simulated error detection step, the positions of sequentially input unique word strings on the IQ plane are sequen- 

tially decided in comparison with said threshold to detect bit errors in simulation, assuming signals are digital- 
modulated and transmitted according to said second modulation system. 

13. The communication quality estimation method according to claim 3, further comprising: 

45 

an error counting step of counting the number of errors detected in said error decision slop within a predeter- 
mined unit for correcting signal errors, and a decoding error detection step of deciding, when signals are 
transmitted according to the second modulation system, whether signals are error-correctable or not based 
on the number of errors detected in said error counting step. 

50 

14. The communication quality estimation method according to claim 1, wherein said first and second digital- 
modulatedsignalsaresignalssubjectedtospread spectrum processing as secondary modulation. 

15. The communication quality estimation method according to claim 1 , wherein said first and second digital-modulated 
55 signals are signals subjected to frequency hopping processing as secondary modulation. 

16. The communication quality estimation method according to claim 1 , wherein said first and second digital-modulated 
signals are signals subjected to orthogonal frequency division multiplexing processing as secondary modulation. 
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17. The communication quality estimation method according to claim 1 : wherein said first digital-modulated signal is 
an MSK modulated signal. 

18. The communication quality estimation method according to claim 1 : wherein said first digital-modulated signal is 
5 a GMSK modulated signal whose band is restricted by a Gaussian filter. 

19. The communication quality estimation method according to claim 1. wherein said firsi digital-modulated signal is 
an FSK modulated signal. 

10 20. The communication quality estimation method according to claim 1, wherein said firs! digital-modulated signal is 
a GFSK modulated signal whose transmission band is restricted by a Gaussian filter. 

21. A communication quality estimation apparatus comprising: 

15 a reception section that receives a signal digital-modulated and transmitted according to a first modulation 

system; and 

a communication quality simulated estimation section that estimates communication quality in simulation, as- 
suming a signal is digital-modulated and transmitted according to a second modulation system which is dif- 
ferent from said first modulation system based on the signal point positions of the received digital-modulated 
20 signal according to said first modulation system. 

22. The communication quality estimation apparatus according to claim 21 , wherein said communication quality sim- 
ulated estimation section comprising: 

25 a threshold calculation section that calculates thresholds on the IQ plane based on an average position of 

sequentially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated ac- 
cording to said first modulation system and a theoretical distribution state of the symbols on the IQ plane of 
the second digital-modulated signal which is digital-modulated according to said second modulation system; 
and 

30 a simulated bit error rate calculation section that calculates a simulated bit error rate of said second digital- 

modulated signal as said communication quality by sequentially deciding the positions of the sequentially input 
symbols on the IQ plane of said first digital-modulated signal in comparison with said thresholds. 

23. The communication quality estimation apparatus according to claim 21 , wherein said communication quality sim- 
35 ulated estimation section comprising: 

an average amplitude detection section that detects an average amplitude of said signals based on signal 
point positions of the signal digital-modulated and transmitted according to the first modulation system; 
a threshold calculation section that calculates the range of signal point positions in which signafs can be re- 
40 ceivod correctly from said average amplitude according to said second modulation system as a threshold; and 

an error decision section that estimates, when the positions of the received signal points according to the first 
modulation system do not fall within the range calculated by said threshold calculation section, that errors 
have been detected. 

45 24. A communication apparatus comprising: 

a reception section that receives a signal digital-modulated and transmitted according to a first modulation 
system; 

a communication quality simulated estimation section that estimates communication quality in simulation, as- 
50 suming a signal is digital-modulated and transmitted according to a second modulation system which is dif- 

ferent from said first modulation system based on the signal point positions of the received digital-modulated 
signal according to said first modulation system; and 

a transmission section that transmits the simulated communication quality obtained by said communication 
quality simulated estimation section. 

55 

25. A communication apparatus comprising: 

a modulation section that modulates a signal to be transmitted according to a first modulation system; 
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a transmission section that transmits the modulated signal; and 

a reception section that estimates and detects errors and receives the detection result when said signal is 
modulated and transmitted according to a second modulation system which is different from said first modu- 
lation system from the result of the communication partner's receiving and demodulating said modulated signal 
5 according to said first modulation system, wherein said modulation section changes the modulation system, 

when said detection result shows that no error has been delected, from said first modulation system to said 
second modulation system. 

26. A communication method comprising the steps on the receiving side of: 

10 

demodulating the signal digital-modulated and transmitted according to a first modulation system, estimating 
and detecting errors when said signal is modulated and transmitted according to a second modulation system 
which is different from said first modulation system from said demodulation result and transmitting said de- 
tection result, and 

'5 the step on the transmitting side of changing the modulation system of the signal to be transmitted based on 

said detection result. 



27. The communication apparatus according to claim 25, wherein said transmission section transmits a simulated 
ACK/NACK signal about the signal according to the second modulation system based on the simulated commu- 
20 nication quality obtained by said communication quality simulated estimation section. 



28. A communication system comprising: 



a first and second transmission/reception stations communicable'with each other; 
25 a reception section that is provided on said first transmission/reception station and receives a first digital- 

modulated signal which is digital-modulated according to a first modulation system sent from said second 
transmission/reception station: 

a transmission section that is provided on said first transmission/reception station and selectively sends a first 
or second digital-modulated signal subjected to modulation processing according to the first or second mod- 

30 ulatton system to said second transmission/reception station; 

a communication quality simulated estimation section that estimates the communication quality in simulation, 
assuming a signal is digital-modulated and transmitted according to the second modulation system which Is 
different from said first modulation system based on the signal point positions of the digital-modulated signal 
according to said first modulation system received by said reception section; and 

35 a modulation system selection section that selects modulation processing at said transmission section ac- 

cording to the simulated communication quality obtained by said communication quality simulated estimation 
section. 



29. A communication system comprising: 

40 

a first and second transmission/reception stations communicable with each other: 

a reception section that is provided on said second transmission/reception station and receives a first digital- 
modulated signal which is digital-modulated according to a first modulation system sen! from said second 
transmission/reception station: 

45 a transmission section that is provided on said first transmission/reception station and seiectively sends, for 

the transmission signal, a first or second digital-modulated signal subjected to modulation processing accord- 
ing to first or second modulation system to said second transmission/reception station: 
a communication quality simulated estimation section that is provided on said second transmission/reception 
station and estimates the communication quality in simulation, assuming a signal is digital-modulated and 

50 transmitted according to the second modulation system which is different from said first modulation system 

based on the signal point positions of the digital-moduialed signal according to said first modulation system 
received by said reception section; and 

a transmission section that is provided on said second transmission/reception station and sends the simulated 
communication quality obtained by said communication quality simulated estimation section as a selection 
55 signal for selecting modulation processing at said transmission section provided on said first transmission/ 

reception station. 

30. The communication system according to claim 28, wherein said communication quality simulated estimation sec- 
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tion comprising: 

a threshold calculation section that calculates thresholds on the IQ plane based on an average position of 
sequentially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated ac- 
5 cording to said first modulation system and a theoretical distribution state of the symbols on the IQ plane of 

the second digital-modulated signal which is digital-modulated according to said second modulation system; 
and 

a simulated bit error rate calculation section that calculates a simulated bit error rate of said second digital- 
modulated signal as said communication quality by sequentially deciding the positions of the sequentially input 
10 symbols on the IQ plane of said first digital-modulated signal in comparison with said thresholds. 

31. The communication system according to claim 29, wherein said communication quality simulated estimation sec- 
tion comprising: 

15 a threshold calculation section that calculates thresholds on the IQ plane based on an average position of 

sequentially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated ac- 
cording to said first modulation system and a theoretical distribution state of the symbols on the IQ plane of 
the second digital-modulated signal which is digital-modulated according to said second modulation system; 
and 

20 a simulated bit error rate calculation section that calculates a simulated bit error rate of said second digital- 

modulated signal as said communication quality by sequentially deciding the positions of the sequentially input 
symbols on the IQ plane of said first digital-modulated signal in comparison wilh said thresholds. 

32. The communication system according to claim 28, wherein said communication quality simulated estimation sec- 
25 tion comprising: 

a threshold calculation section that calculates thresholds on the IQ plane based on an average position of 
sequentially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated ac- 
cording to said first modulation system and a theoretical distribution state of the symbols on the IQ plane of 
30 the second digital-modulated signal which is digital-modulated according to said second modulation system; 

and 

a simulated error detection section that detects bit errors in simulation, assuming the signal is digital-modulated 
and transmitted according to said second modulation system by sequentially deciding the positions of the 
sequentially input symbols on the IQ plane of said first digital-modulated signal in comparison with said thresh- 

35 oidS. 

33. The communication system according to claim 29, wherein said communication quality simulated estimation sec- 
tion comprising: 

^0 a threshold calculation section that calculates thresholds on the IQ plane based on. an average position of 

sequentially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated ac- 
cording to said first modulation system and a theoretical distribution state of the symbols on the IQ plane of 
the second digital-modulated signal which is digital-modulated according to said second modulation system; 
and 

45 a simulated error detection section that detects bit errors in- simulation, assuming the signal is digital-modulated 

and transmitted according to said second modulation system by sequentially deciding the positions of the 
sequentially input symbols on the IQ plane of said first digital-modulated signal in comparison witn said thresh- 
olds. 

50 34. The communication system according to claim 28, wherein said first and second transmission/reception stations 
carry out a bi-directional communication using the same frequency channel according to lime division duplex. 

35. The communication system according to claim 29, wherein said first and second transmission/reception stations 
carry out a bi-directional communication using different frequency channels according to frequency division duplex. 

55 

36. A program that allows a computer to execute: 

a first step of determining signal point positions of a received digital-modulated signal according to a first 
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modulation system; and 

a second step of estimating communication quality in simulation, assuming a signal is digital-modulated and 
transmitted according to a second modulation system which is different from said first modulation system. 

5 37. The program according to claim 36, wherein said second step comprising: 

a threshold calculation step of calculating thresholds on an IQ plane based on an average posilion of sequen- 
tially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated according 
to said first modulation system and a theoretical distribution state of the symbols on I he IQ piano of the second 
10 digital-modulated signal which is digital-modulated according to said second modulation system; and 

a simulated bit error rate calculation step of calculating a simulated bit error rale of said second digital-mod- 
ulated signal as said communication quality by sequentially deciding the positions of the sequentially input 
symbols on the IQ plane of said first digital-modulated signal in comparison with said thresholds. 

15 38. The program according to claim 36, wherein said second step comprising: 

a threshold calculation step of calculating thresholds on the IQ plane based on an average position of sequen- 
tially input symbols on the IQ plane of the first digital-modulated signal which is digital-modulated according 
to said first modulation system and a theoretical distribution state of the symbols on the IQ plane of the second 
20 digital-modulated signal which is digital-modulated according to said second modulation system; and 

a simulated error detection step of detecting bit errors in simulation, assuming the signal is digital-modulated 
and transmitted according to said second modulation system by sequentially deciding the positions of the 
sequentially input symbols on the IQ plane of said first digital-modulated signal in comparison with said thresh- 
old. 

25 
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